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Chromosomal and extrachromosomal DNAs
in differentiating plant cells.
J.Buchowicz
It was aimed to find extrachromosomal DNA (exDNA) species that might be
involved in the differentiation of plant cells. Attention was given to nuclear
exDNA in resting and germinating embryos of the common wheat, Triticum
aestivum. Nuclear exDNA is known to occur in ciliated protozoa, yeast, and
other lower eukaryotes. The occurrence of similar exDNA in higher plants is,
however, a matter of controversy.
I assumed that linear exDNA species (if they do occur in plants) should
have telomere-like repeats at both ends cf a gene size, unique DNA sequence.
Attempts were, therefore, made to amplify such structures by a polymerase
chain reaction (PCR) technique. As indicated previously (1) and described in
detail in a poster [1] presented within this Symposium, crude exDNA was isolated from wheat embryo cell nuclei with the avoidance of DNA fragmentation. After enrichment for telomeric sequences by isopycnic centrifugation, the exDNA
preparation served as template for PCR amplification. The major amplification
product was cloned and found to consist of a unique DNA segment flanked by
telomere type repeats. The whole sequence (637 bp) was assumed to represent a naturally occurring plant minichromosome (2). When the PCR stage was
omitted from the procedure, another exDNA fragment could be easily cloned.
This time, the entire sequence (241 bp) was composed primarily of tandemly repeated d(CCCTAAA) d(TTTAGGG) units |1). Thus, it is virtually identical with telomeric DNA of Arabidopsis thaliana. The 241 -bp exDNA fragment was labelled
with either 32P or digoxigenin to be used as a telomeric DNA probe. Southern
type hybridization experiments indicated that, in interphase nuclei, the putative
telomeric sequences are located at the ends of linear DNA molecules (1). In situ
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hybridization showed that same sequences are located at the ends of metaphase chromosomes [2]. Thus, the telomeric nature of the 241-bp fragment was
proved. In addition, a precursor-product relationship between extrachromosomal and chromosomal telomeric DNA sequences was inferred from changes in
their proportions during early germination of wheat embryos [1].
The apparent occurrence of the minichromosome-like structure rises the
question whether it can replicate autonomously in plant cells. Attempts to answer this question parallel investigations on artificial minichromosome elements
(a KBN project). In addition to the already mentioned telomeres, structural
counterparts of yeast autonomously replicating sequences (ARS) were found in
wheat DNA [3]. One of these appears to residue within a dispersed, moderately
repeated DNA sequence (EMBL accession no. X63514) that is common to
wheat and rye genomes (3). A preliminary characterization of the putative centromeric region is also given [4]. The progress is hampered by the lack of direct
tests of ARS activity in plant cells.
Publications:
(1) M.Bucholc, J.Buchowicz, Seed Sci Res. 2, 141-146 (1992)
(2) M.Bucholc, J.Buchowicz, Plant Mol.Biol.Rep. 12, 206-210 (1994)
(3) B.Szurmak, M.Dobrzariska, Plant Mol.Biol. 21, 919-921 (1993)

Protein kinases from maize seedlings.
Separation of phosphocompounds.
G.Muszynska, G.Dobrowolska, J.Szczegielniak, J.Trojanek
In animal kingdom phosphorylation of proteins is the key mechanism of intracellular regulation of growth, differentiation and control of signal transductions. In plants the mechanism of phosphorylation and its biological function are
relatively less understood. To elucidate the problem several serine-threonine
and tyrosine kinases from young, rapidly growing maize seedlings were purified
and characterized.
Casein kinase-2 (CK-2) is a multifunctional and ubiquitous Ser /Thr protein
kinase, in animals closely associated with proliferation. Two of these enzymes
were isolated from maize seedlings and their biochemical and immunological
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properties were defined (1, 2). The DNA encoding the a (catalytic) subunit of
maize CK-2 was cloned, sequenced and expressed in bacteria (3, 4). The sequence exhibits 75% similarity to the mammalian « subunit of CK-2. High similarity
of a subunit of CK-2 between animal and plant allowed us to assume that there
is a strong need to conserve the sequence of this subunit during evolution. The
maize cDNA encoding « subunit of CK-2 was applied as the probe for study of
the role of casein kinase in early stages of plant development. The Northern hybridization have shown very rapid decrease of the amount of the transcript in
the late phase of germination. The synthesis this mRNA was stimulated by light.
Protein kinase C and protein tyrosine kinase play an essential role in transmembrane control of many functions of mammalian cells. The presence of
these enzymes in plants is still not certain. Catalytic properties one of the serine-threonine protein kinase, isolated from maize seedlings, resembles well
characterized animal protein kinases C, but it differs markedly in the stimulation
of activity by calcium ions and phospholipids (5). The results suggest that regulatory domain of maize protein kinase C like enzyme is not fully evolved. To establish the structure of the plant enzyme, the efforts for its cloning were
undertaken [6J.
Chemical, immunological and enzymatic data indicate the presence of both
tyrosine kinase activity and also phosphotyrosine in proteins of maize seedlings. Suprisingly, the level of tyrosine phosphorylation of maize proteins was
very high, comparable to the phosphorylation observed in tumor cells (6). The
phosphorylation of cytosolic and membranes maize proteins was more efficiently stimulated by Mn 2 + ions, than the phosphorylation of animal proteins [5]. Our
results indicate that metabolic pathways in plants can be regulated via protein
tyrosine kinase system dependent upon manganese ions.
The study of protein phosphorylation requires the efficient isolation of phosphoproteins. We have demonstrated before that immobilized iron (III) ions can
preferentially bind phosphoproteins (7). Model studies on iron (III) ion affinity
chromatography have shown that free terminal phosphate group is responsible
for the interaction (8). The interactions mode of negatively charged groups of
peptides and proteins with the immobilized iron (III) ions has been proposed
(9).
Publications:
1. G.Dobrowolska, G.Muszyriska and D.Shugar "Benzimidazole nucleoside analogues as inhibitors of plant (maize seedlings) casein kinases". Biochim.Bioph.Acta 1080, 221-226, 1991.
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2. G.Dobrowolska, F.Meggio, J.Szczegielniak, G.Muszyiiska and LA. Pinna "Purification and characterization of maize seedling casein kinase IIB, a monomeric enzyme immunologicaly related to the a subunit of animal casein
kinase-2" Eur.J.Biochem 204, 299-303,1992.
3. G.Dobrowolska, B.Boldyreff and O-G,lssinger "Cloning and sequencing of the
casein kinase 2 a subunit from Zea mays" Biochim.Bioph.Acta 11.29, 139140, 1991.
4. B.Boldyreff, F.Meggio, G.Dobrowolska, LA.Pinna and O-G.lssinger "Expresion and characterization of a recombinant maize CK-2 a subunit" Biochim.Bioph.Acta 1173, 32-38, 1993.
5. G.Muszynska, P.Ekman and L.Engstrom "Phospholipid-dependent and EGTA-inhibited protein kinase from maize seedlings" Biochem. and Molec.Biology international 30, 849-860,1993.
6.J.Trojanek, P.Ekman, J.Scoble, G.Muszynska and L.Engstrom "Phosphorylation of plant proteins. Identification of protein tyrosine kinase activity in the
cytosol of maize seedlings" - submitted for publication.
7. G.Muszyriska, LAndersson and J.Porath "Selective adsorption of phosphoproteins on gel-immobilized ferric chelate" Biochemistry 25, 6850-6853.
1986.
8. G.Dobrowolska, G.Muszynska and J.Porath "Model studies on iron (III) ion affinity chromatography. Interaction of immobilized metal ions with nucleotides" J. of Chromatography 541, 333-339, 1991.
9. G.Muszynska, G.Dobrowolska, A.Medin, P.Ekman and J.Porath "Model studies on iron (III) ion affinity chromatography. II. Interaction of immobilized
iron (III) with phosphorylated amino acids, peptides and proteins" J. of
Chromatography 604, 19-28, 1992.

Tissue and cell culture of potato-pathogenes
and transformation
B.Wielgat
The main subject of our research group are studies concerning the resistance of potato to pathogenes. The model system for these studies are cell
and tissue cultures of potato, as well as plants cultivated in pots. Transgenic
plants are the basic tools in our study. To achieve this purpose our work is con-
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centrated on the two topics. First concerns the physiological and biochemical
characterization of pathogene-host interaction including biotic elicitors. The second one concerns the molecular genetic approach to the plant defense mechanisms which enables them to respond to pathogenes, like pathogenesis
related proteins (PR) and salicylic acid (SA), as a potential agents in signal
transduction pathways in plant defense response (1-4). The detached leaves
from susceptible and relatively resistant to Phytophthora infestans (Pi) variety of
potato were inoculated with sporangia, mycelial homogenate (MH), culture filtrato (CF) of Pi or arachidonic acid (AA) as a biotic elicitor, and the extent of necrotic lessions was observed [7J. Relatively resistant cultivar responded to elicitor
treatment earlier than susceptible one. Elicitors present in the mycelia affected
the host leaves differently than those secreted by fungus into the growth medium.
The time course of changes in the activities of phenylalanine-ammonia-lyase (PAL) beta-1 -3-glucanases (PR) and chitinases (PR) were studied in cell suspension culture treated with elicitors mentioned above [8] The activity of PAL
increased rapidly in response to CF. Effect of AA or MH was delayed in time.
Glucanases activity reached maximum after 10h of incubation except that of AA,
after treatment of which this effect was noticed already after 5h. Chitinases showed the maximal activity in response to AA or combination of AA + CF, although CF alone did not affected markedly their activity. Preparing ourselves to the
transformation of potato with "useful" genes we have performed the transformation of potato with Agrobacterium tumefaciens carrying in TDNA of Ti plasmid binary vector with neomycin phosphotransferase (NPTII) gene and beta-glucuronidase (GUS) gene (5). The transgenic plants did not shew any morphological variations, were resistant to kanamycin and showed high activity of GUS gene expression. It was found that the GUS gene expression was high and stable
during two years of transgenic plants propagation in vitro as well as in green
house conditions [9].
It was suggested that SA plays a signaling role in potato defense response
against pathogen attack [10]. Little is known about the regulatory sequences
which control SA-dependent expression of the PR genes (4). To better understand the function of regulatory sequences controlling expression of beta-1-3glucanase gene which belongs to PR-2-familly, the expression of PR-2/uid A
(GUS) gene fusion after SA treatment or pathogen infection was analysed [11],
Analyses of 5'-deletions of promoter should indicate the position of c/s-acting
elements. Using PCR approaches (Directed-, Inverted- and Differential Display-
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PCR) we try to isolate genes which play a role as regulators in SA-dependent
signal transduction pathways in plant defense respons.
Publications:
1. J.Malamy, J.Hennig and D.F.KIessig, Plant Cell (1992, 4, 359-363).
2. J.Hennig, J.Malamy, G.Grynkiewicz, J.lndulski and D.F. Klessig, The Plant
Journal (1993) 4, 593-600.
3. G.Grynkiewicz, O.Achmatowicz, J.Hennig, J.lndulski and D.F.KIessig, Polish
J.Chem. (1993)67, 1251-1254.
4. J.Hennig, R.E.Dewey, J.R.Cutt and D.F.KIessig, The Plant Journal (1993) 4,
481-493.
5. M.Borkowska, K.KIeczkowski, B.KIos, J.Jakubiec and B.Wielgat, Acta Physio!.
Plant (1994) 16,225-230.

Outer-plastidial genes coding for enzymes
acting in chloroplasts
L.D. Wasilewska
Since 1990 we have started a project aimed at learning molecular organisation of the genes coding for some of the enzymes engaged in energy metabolism of higher plants. We intended to pay special attention to the
outerplastidially encoded photorespiration enzymes such as glyoxalate and hydroxypyruvate reductases, as well as glycerate and adenylate kinases (1). In order to clone photorespiratory genes, proper expression plant cDNA libraries
were constructed (2), then immunoscreened with respective polyclonal antibodies and several pure cDNA clones corresponding to particular enzymes were
isolated with the aim to subject them to consecutive sequencing (3,4).
The first two sequenced inserts of cDNA clones, immunoselected by antibodies to the maize adenylate kinase (previously designated as AK1 and AK2) appeared to have very little (AK1) or no (AK2) homology to cDNA sequences
encoding adenylate kinases from other sources, plant AKs included (Kawai et
al., 1992). They exhibited, instead, extremely high sequence homology to calnexin (CNX/AK1) and calreticulin (CRH/AK2), respectively [12]. The calnexins, originally found in animal tissues represent a family of proteins that reside in the
endoplasmic reticulum (ER) and have been recognized as calcium-dependent
-14-

membrane binding proteins, which may serve as molecular chaperones for many of ER-synthesized secretory proteins (Jackson et al., 1994). Recently, a
cDNA clone encoding calnexin-like protein has also been isolated from Arabidopsis thaliana expression library (Huang et al., 1993). Our Zea mays CNX cDMA
sequence (EMBL Data Library No: X77569 Z. mays CNX mRNA) unexpectedly
represents a major part of AK1 1716 bp maize cDNA clone (immunoselected by
AK antibodies) and consists of 1559 bp sequence from the 3' end of its coding
strand. It exhibits within 1232 bp overlap 74% identity to A.thaliana CNX sequence while computer dot matrix plot of homology suggests that approx. 400 bp
from 5' end are still lacking (5). The remaining minor portion of the AK1 maize
cDNA sequence from 5' end (157 bp) translated to arninoacid sequence shows
fairly high (approx. 60%) homology to E. coli AK N-terminal sequence. The
reason why we have obtained such an chimeric maize cDNA clone remains to
be elucidated. The next maize cDNA (AK2) clone which had been sequenced
(1183 bp) occured to have entirely no homology to any known AK sequence, instead, it exhibited various degree of nucleotide sequence homology to calreticulins from different organisms (62-83 %). The calreticulins represent the
second group of ERIumen residing calcium dependent membrane binding proteins, expressed mainly in non-muscle tissues and organs of vertebrates, being
particularly abundant in cerebral tissue (Abe et al., 1992). Though there has
been no published report concerning the occurence of calreticulin in plant tissues, recently cDNA sequence of Hordeum vulgare calreticulin had been reyistered in the EMBL Data Library. Computer analysis of Z.mays (EMBL Data
Library No: X78057 CRH Z.mays mRNA) and H.vulgare cDNA sequences translated to amino acid sequence showed 90% identity within 963 bp translated
maize cDNA sequence into 321 aa residue peptide, exhibiting calreticulin characteristic motifs like KPEDWD/E hexapeptide twice repeated and KHDEL pentapeptide at the end of C-terminus (6). Computer dot matrix pbt of homology
between H. vulgare and Z.mays calreticulin suggests, however, that about 270300 bp equivalent to 90-100 aa residues are missing at the N-terminus of maize
cDNA deduced peptide. More detailed studies have to be undertaken to explain
the reason why cDNAs encoding CNX and CRH were immunoselected from
maize cDNA library by AK antibodies.
Publications:
•|. L.D. Wasilewska (1991) Outer-plastid genes coding for enzymes acting in
chloroplasts, Abstracts, Survey of Research, Inst.Biochem.Biophys, p. 4-5.
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2. A.Zieliriska-Kwatkowska, B.A. Kwiatkowski (1991) Preparation of pea, spinach
and maize cDNA clone banks, ibid p. 11.
3. B.A. Kwiatkowski, A. Zieliriska-Kwiatkowska (1991) Immunoscreening of
cDNA clone banks and isolation of nuclear encoded sequences for enzymes active also in chloroplasts, ibid p. 12.
4. B.A .Kwiatkowski (1993) Cloning of cDNAs encoding some of the plant energetic metabolism enzymes and sequencing of cDNA for adenylate kinase,
Ph.D. Thesis, Library of Inst.Biochem.Biophys. pp. 1-121.
5. B.A.Kwiatkowski, A.Zielinska-Kwiatkowska, A.Migdalski, LA.KIeczkowski, LD.
Wasilewska (1994) Molecular cloning and sequence analysis of maize
cDNA encoding calnexin, in preparation.
6. B.A.Kwiatkowski, A.Zieliriska-Kwiatkowska, LA.KIeczkowski, L.D.Wasilewska
(1994) Molecular cloning and sequence analysis of maize cDNA encoding
calreticulin, in preparation.
References
M.Kawai, S.-I.Kidon, A.Kato, H.Uchimiya (1992) Molecular characterization of
cDNA encoding for adenylate kinase of rice, Plant J. 2, 845-854.
M.R.Jackson, M.F.Cohen-Doyle, P.A.Peterson, D.B.Williams (1994) Regulation
of MHC Class I Transport by the Molecular Chaperone, Calnexin, Science,
263, 384-388.
LHuang, A.E.Franklin, N.E. Hoffman (1993) Primary Structure and Characterization of an Arabidopsis thaliana Calnexin-like Protein, J.Biol.Chem. 268,
6560-6566.
H.Abe, M.Watanabe, K.Goto, H.Sakagami, H.Kondo (1992) Localization of Gene
Expression of Calreticulin in the Brain of Adult Mouse, Mol.Brain Res., 14,
337-343.

Telomeric sequences in extrachromosomal DNA
of wheat embryo cell nuclei
M.Bucholc
Nuclear extrachromosomal DNA (exDNA) was isolated from resting wheat
embryos with a method that allows to avoid artefactual DNA fragmentation. This
method was developed originally by Hirt for selective extraction of viral DNA
from virus-infected mammalian cells and since that has been commonly used
for the preparation of bacterial plasmids (see the manual of Sambrook et al., p.
1.36). The wheat exDNA was size-fractionated by velocity sedimentation and
enriched for telomere type sequences by isopycnic centrifugation prior to cloning (SmalsiteofpUC119).
A selected clone (pTa241) contained wheat DNA insert of 241 bp. The insert sequence, 5'-A(CCCTAAA)io CCTAAA(CCCTAAA)23 CCC-3', is virtually
identical with that found by Richards and Ausubel (Cell 53, 127-136, 1988) for
an Arabidopsis telomere.
Another exDNA species was identified when the cloning procedure was
preceded by PCR amplification. This time (pTa637), the wheat DNA insert was
637 bp long (EMBL accession no. X73235) and consisted of a unique sequence
(581 bp) flanked by short (28 bp) inverted terminal repeats. The terminal repeats were composed of the 7-bp telomeric units C3TA3. The unique sequence
included two in-phase open reading frames (for 39- and 34-amino acid polypeptides, respectively) and motifs characteristic for autonomously replicating sequences, regulatory protein binding sites, and ABA-responsive elements. The
whole structure seems to resemble linear minichromosomes known earlier to
occur in the macronuclei of Tetrahymena and, less frequently, in some other lower eukaryotes.
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f In situ hybridization of putative telomeric and autonomously
I replicating sequences to wheat metaphase chromosomes
}

M.Dobrzahska, J.Zaim

The putative telomeric DNA and autonomously replicating sequence (ARS)
were derived from wheat embryo nuclear DNA as described in the accompanying posters of Bucholc and Szurmak, respectively. The former was 241 bp long
and showed 99% homology to an Arabidopsis telomere. The latter (1241 bp)
showed structural similarities to yeast ARSs. To be used as probes, the cloned
DNA fragments were labelled with digoxigenin. Root-tip squash chromosome
preparations were obtained from 72-h wheat seedlings with a standard procedure (Rayburn and Gill, J. Hered. 76, 78-81, 1985). The telomeric DNA probe
appeared to hybridize to chromosome ends only. Thus, the telomeric nature of
the putative telomeric sequence of wheat DNA was confirmed by the cytogenetic method. The ARS probe, on other hand, hybridized to many sites along the
wheat chromosomes. This indicates for a dispersed pattern of the distribution of
the ARS-like repeats in wheat genome and, simultaneously, increases the probability of their ARS activity.

I
I

Structural counterparts of the yeast autonomously
replicating sequences in wheat DNA

:

B. Szurmak
Attempts were made to isolate a wheat replication origin that could be used
for the construction of artificial minichromosome. It was assumed that such DNA
sequences would reside in replicon-size genome segments and show structural
similarities to the yeast autonomously replicating sequences (ARSs).
According to this assumption, attention was given to dispersed, moderately
repeated DNA sequences that hybridize to the 11 -bp ARS consensus track. The
corresponding oligonucleotide was purchased and used to probe buoyant-separated fractions of wheat embryo nuclear DNA. Selected fractions served then
as the source of genomic DNA for cloning. The cloned fragments were characterized with respect to their primary structure, copy number and mode of distri-

-18-

bution (dispersed vs. tandemly arranged) in the genome. A series of DNA preparations that show structural features of yeast ARSs was obtained and these
are ready to be tested for ARS activity in wheat embryos.

Attempts to isolate centromeric fragments of wheat DNA
E.Kraszewska, M.Koter
The 5'-ATTCC-3' unit is the basic consensus sequence of human satellite III
DNA. It has been shown by Grady et al. (PNAS 89, 1695-1699, 1992) that clusters of these repeats are localized at the centromeric regions of the human
chromosomes. Tandemly repeated blocks of the same sequence occur also in
DNA of many other eukaryotic organisms.
We have used the synthetic oligonucleotide d(ATTCC)5 as primer for PCR
amplification of wheat DNA sequences. Two large DNA fragments (1.6 and 1.5
kb, respectively) predominated among the amplification products. These two
products are now prepared to be cloned, sequenced and used as probes for in
situ hybridization. Parallelly, experiments on optimalization of the procedure for
mass isolation of wheat metaphase chromosomes are carried out. The intact
chromosomes will be also used for the isolation of the centromeric regions according to a published method (Hadlaczky et al., PNAS 88, 8106-8110,1991).

Manganese-dependent tyrosine phosphorylation
in maize seedlings proteins
J.Trojanek and G.Muszyriska
Phosphorylation mediated by protein kinases seems to be the major mechanism for the regulation of biochemical events inside the plant cell in response to external stimuli. Until now only preliminary evidences indicate the
presence of protein tyrosine kinases in plants which play a crucial role in signal
transduction in animals. We decided to evaluate the level of tyrosine phospho-
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rylation in maize seedlings. Protein kinase(s) from cytosol of etiolated maize
seedlings was partially purified by phosphocellulose chromatography. The tyrosine phosphorylation activity was detected toward poly (Glu Tyr) and [Vals] angiotensin II. The effect of Mg 2 + and Mn 2+ ions was studied. It appeared that
only manganese ions effectively stimulate phosphorylation of the exogenous
substrates as well as the endogenous proteins 44 and 65 kDa. Manganese stimulated phosphorylation of the proteins was still intensively visible after alkaline
hydrolysis. The phosphorylation of protein 44 kDa was entirely dependent upon
the presence of Mn 2+ ions, while 65 kDa protein could be partially phosphorylated in the presence of Mg 2 + ions, indicating that phosphorylation of tyrosine is
predominantly stimulated by manganese ions.
The effect of Mg 2+ and Mn 2+ ions on the endogenous phosphorylation of
membrane proteins from maize seedlings, rat liver and rat spleen was compared. The manganese stimulated phosphorylation of maize membrane proteins
whereas in membranes proteins from liver it was to some extent higher in the
presence of Mn 2 + . The phosphorylation of spleen membrane proteins was
Mg 2 + dependent.
The highest manganese-dependent phosphorylation of maize seedlings
proteins might suggest the special role of manganese ions in the regulation of
plant metabolism.

(j)

The attemps to clone protein kinase C-like enzyme
from maize seedlings.
J.Szczegielniak and G.Muszyhska
Protein kinase C (PKC), Ca 2+ and phospholipid dependent enzyme, has an
essential role in signal transduction for a variety of biologicaly active substances
which in animals activate cellular function and proliferation (1). So far, only a few
biochemical evidences suggested the existence of the similar enzyme in plants
(2). Based on the presence of highly conserved regions of cDNA encoding animal PKC, two primers from regulatory and catalytic domains were designed and
synthesized. DNA fragments were amplified by PCR on the template of total
RNA from maize seedlings. The obtained fragments of cDNA were cloned into
the Eco Rl site of the vector pUC 119. The cDNA fragments of 0.5 kb and 0.9 kb
-20-

exhibits about 80% of similarity to the plant genes encoding 25S ribosomal RNA
and DNA-dependent RNA polymerase, respectively. No clones encoding maize
protein kinase were obtained.
We have started the new approach of cloning PKC-like plant enzyme. It involves screening cDNA library from maize with the following probes:
38 mer oligonucleotide corresponding to the amino acid sequence of the
peptide derived from partially digested maize protein kinase; cDNA clone encoding a izoenzyme of PKC from rat brain.
References:
1. Y.Nishizuka Nature, 308, 693-698, 1984.
2. G.Muszynska, P.Ekman and LEngstrom Biochem. and Molec. Biology International 30, 849-860, 1993.

Response of potato tissues to Phytophthora infestans.
M.F.M. Awan H. Zarzycka* A. Szczerbakowa,
B. Wielgat and K. Kleczkowski.
Resistance of potato plants to infection by Phytophthora infestans (Pi) depends upon various defence mechanisms within the host. One such mechanism, the hypersensitive response (HR), occurring in incompatible interaction,
involves rapid metabolic changes and localized cell necrosis in tissues at the site of contact with the pathogene. If successful, the HR prevents further growth
and development of the pathogene by production and accumulation of products that are toxic to the pathogene. Initiation of the HR requires the presence
of chemical agents termed elicitors. The inoculation of elicitors on potato tissues, resistant or susceptible, can induce the HR. In this work, mycelial homogenate (MH) and culture filtrate (CF) of Pi (MP 245) as well as arachidonic acid
(AA) were used as natural biotic elicitors. AA is an unsaturated fatty acid present in Pi but absent in potato tissues. Potato tuber slices when inoculated with
3 mM AA produced necrotic spots after 3 days, similar to that produced by Pi
sporangia. The MH and CF when spotted on potato tuber slices showed similar
response. These elicitors are now in use to induce pathogenesis related proteins in potato cell suspension culture derived from leaves. The next step in this
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work will be determination and identification of some agent(s) of which synthesis or enzymatic activity is induced by the elicitor.

8

Pathogenesis related proteins in cell suspension culture of
potato in response to elicitors from Phytophthora infestans.
U.Maclejewska, M.F.M. Awan, B. Ktos, B. Wielgat
An ubiquitous response of plants to pathogene attack is the synthesis of
new proteins; for some of them the enzymatic functions have been described.
The most frequently pathogene-induced enzymes are: phenylalanine ammonialyase (PAL), key enzyme of phenylpropanoid metabolism, and /3-1,3,-glucanases and chitinases, known as pathogenesis related proteins, which hydrolyse
chitin and/*-1,3,-glucan, major components of the cell walls of many fungi. Considering functions of the enzymes, their role in plant defence strategy has been
suggested. The plant defence response can be induced by microbial attack as
well as by different compounds either pathogene or host origin. In preliminary
studies changes in PAL, /2-1,3,-glucanases and chitinases activities in cell suspension culture derived from leaf potato (cv. Tarpan) in response to different
elicitors prepared from Phytophthora infestans (MP 245) were determined. Arachidonic acid (0,1 mM), the component of the fungus cell wall, the fungal culture
filtrate (10mg glucose eq./ml) and the mycelial homogenate (ig/5 ml 0.1 M phosphate buffer pH 5,8) were used as elicitors. A significant increase in PAL activity was observed 5 h after elicitor treatment, whereas activities of both
hydrolases usually increased about 10 h later. The culture filtrate or the mycelial
homogenate were more effective than arachidonic acid. The combination of the
two elicitors: arachidonic acid and the culture filtrate, or the culture filtrate and
the mycelial homogenate produced a greater effect than each of them acting
alone.
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Transgenic plants of diploid potato and
stability of transferee! gene expression
M.Borkowska, K. Kleczkowski and B. Wielgat
Cultured in vitro diploid potato clone H8105 (Solanum tuberosum) was
transformed using Agrobacterium tumefaciens strain. Ti plasmid of AJumefaciens contained in TDNA the binary vector carrying neomycin phosphotransferase (NPTll) and beta glucuronidase (GUS) genes. Infected by this vector
leaf segments and cultivated for 6 weeks on the medium containing kanamycin,
regenerated shoots and transferred to the root regeneration medium, produced
normally grown plants. The transgenic potato plants show high expression of
the GUS gene and are resistant to kanamycin.
During regeneration and propagation of plants cultivated in vitro the somaclonal variation can cause the change in ploidy and mutations of plants.
The aim of our study was to follow the stability of transformation in several
variations of vegetatively propagated transgenic potato plants. The following
plant material was used: a) micropropagated transgenic plants after transformation, b) transgenic plants after 2 years of propagation in vitro, c) minitubers induced in vitro, d) plants obtained from minitubers in pots, e) tubers obtained
from minitubers in pots, 0 micropropagated plants transferred to the pots and
cultivated for 4 weeks, g) cell suspension culture from transgenic and control
plants propagated for 6 months.
The expression of GUS gene was determined by histochemical and fluorimetric methods described by Jefferson et al (EMBO J.6, 3901, 1987).
Our results have shown that during vegetative propagation of transgenic
potato plants, the activity of beta glucuronidase is stable and did not change relatively to the lines of plants separated after transformation.
In our future work the presented results as well as our experience will be utilized in the construction of vector(s) and in transformation of potato plants with
"useful" gene(s) in the study of potato resistance to the fungal pathogenes.
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Expression of Tobacco PR-Promoters in Transgenic Potato
Plants after Pathogen and Elicitor Treatment
M. Krzymowska and J. Hennig
Pathogenesis related proteins (PR-s) are induced in tobacco and other
plant species by both biotic and abiotic agents comprising necrotizing and nonnecrotizing pathogenes, variety of chemicals and at specific physiological stages.
We examined the regulation of the tobacco PR-s promoters by analyzing
the expression of PR-1/GUS and PR-2/GUS fusions in transgenic potato (Solarium tuberosum) plants. GUS activity was found near chlorotic lesions formed in
response to Potato Virus Y (PVY) infection and in upper, uninoculated leaves of
infected plants. Expression of the PR-2/GUS chimeric gene in uninoculated leaves was correlated with immunodetection of viral proteins in the tissue. Salicylic acid (SA), which plays a key role in induction of pathogene resistance, also
activated the PR-1/GUS and PR-2/GUS genes in potato plants when exogenously applied to the leaf tissue. We observed a gradient expression of the PR2/GUS gene, from top to bottom with the highest level in stem and roots, in
plants during normal development.

PCR-based Strategies for Isolation Salicylic Acid-dependent
Elements of Defense Response from Potato Plants
A. Talarczyk and J. Hennig
Plant have developed several defense mechanisms that enable them to respond to pathogenes and stress. Several studies suggest that plant hydrolytic
enzymes, such as /?-glucanases which belong to the Pathogenesis Related Proteins (PR-2) may be components of the general defense system against pathogene invasion.
High-degree homology has been observed among coding sequence of the
PR-2 gene family within a given species as well as between different plant species. We have designed primers corresponding to the coding sequence of the
tobacco PR-2 gene. Using them, we have performed a PCR reaction with potato
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total DNA as template. We have obtained several distinct products, their sizes
varying from 0.6 to 1.0 kb. Cloning and characterization of these products is in
progress. Recently a novel method of displaying and cloning differentially expressed genes (DD-PCR, Diferrential Display PCR) has been developed. It involves the reverse transcription of the mRNSa with oligo-dT primers anchored to
the beginning of the poly(A) tail, followed by the PCR reaction in the presence
of a second 10-mer arbitrary in sequence. By comparison of patterns obtained
using mRNA from non-induced and SA-induced potato plants we are trying to
isolate genes whose expression is SA-dependent. We are particularly interested
in genes that do not belong to the PR family but play a role as regulators in SAdependent signal transduction pathways active in the plant defense response.

Preliminary characteristics of lea mays cDNAs encoding
calnexin and calreticulin
Bogustaw A.Kwiatkowski and Lidia D.Wasilewska
Calnexin (CNX) and calreticulin (CRH) are the major calcium dependent
membrane binding proteins residing in the endoplasmic reticulum (ER), originally found in animal tissues. Recently it has been also reported on the isolation
from Arabidopsis thaliana expression library a cDNA clone encoding calnexin-like protein. Though there has been no published report concerning the occurence of this protein in plants, a cDNA sequence encoding Hordeum vulgare
calreticulin had been registered in the EMBL Data Library.
In our laboratory the Zea mays calnexin and calreticulin cDNA sequences
have been unexpectedly selected by immunoscreening the maize expression library with antibodies against adenylate kinase (CNX/AK1, CHR/AK2). The Z.mays CNX cDNA sequence (EMBL Data Library No: X77569 Z.mays CNX mRNA)
represents a major part of AK1 1716 bp maize cDNA clone and consists of 1559
bp sequence from the 3' end of its coding strand, exhibiting 74% homology to
A.thaliana CNX sequence. The Z.mays CRH cDNA sequence (EMBL Data Library No: X78057 CRH Z.mays mRNA) consists of 1183 bp and shows 83% homology to H.vulgare cDNA sequence and as much as 90% identity when translated
into amino acid sequence. Our maize calnexin and calreticulin aa sequences
deduced from the respective cDNA sequences exhibit also some of charac-25-
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Detection and sequencing of Polish isolates
of potato pathogens: potato virus Y (PVY)
and potato spindle tuber viroid (PSTV).
Marek Weinicki, Anna G6ra, Anna Chachulska
PSTV and PVY are economically important potato pathogens, and can
cause severe crop losses. This necessitates intensive research on reliable detection methods of those pathogens. One of the most sensitive techniques is
based on hybridization with labelled molecular probes. For the detection of
PSTV and PVY we applied digoxigenin-labelling of cRNA probes followed by
chemiluminescent detection of hybrids (1,2). The probes were synthesized by
an in vitro transcription reaction from linearized templates in the presence of
dig-11-UTP. The results of dot-blot hybridization proved high sensitivity and
specificity of digoxigenin-labelled probes, similar to that of radioactive probes,
both in testing purified RNA preparations, and crude plant extracts. Digoxigenin
was also used for the labelling of previously constructed probe for the simultaneous detection of three potato pathogens: PSTV, PVY, and potato leafroll virus
(PLRV). The results again confirmed high sensitivity and specificity of the test
(3). The sequencing of PLRV and PVY cDNA fragments revealed that probes
used throughout our study covered highly conserved regions of pathogenic genomes, and are suitable for the detection of broad spectrum of PSTV, PVY, and
PLRV isolates [15].
For the investigation of interactions between PSTVd molecular variants and
host plant we sequenced phenotypically dissimilar isolates from the Polish collection of PSTVd. In mild isolate a unique molecular variant was found. In intermediate isolate three variants: i2, i3, i4 were detected, whereas in severe isolate
at least four variants: s23, s27, i4, i2. All but one (i2) detected variants represent
novel PSTVd sequences with point mutations located in V and/or P domains. Infection of test plants with each of the cloned variants confirmed their infectivity
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and phenotype (4). The progeny of each molecular variant was analyzed by
PCR to assess its genetic stability. In order to investigate the role of structural
domains in viroid pathogenicity and replication, a set of chimeras was constructed. The left (T1 and P) and the right (T2 and V) domains were interchanged between the mild, severe and lethal PSTVd genomes. Infectivity studies with these
constructs revealed that P domain contains a determinant required for appearance of severe necrosis, stunting and epinasty characteristic of PSTVd severe isolate [13].
So far only two full sequences of PVY RNA are published and function of
PVY proteins is poorly known. Both terminal regions of PVY genome of three
Polish isolates (PVYN i PVY0) of different infectivity and pathogenicity were chosen for amplification and sequencing. One of synthesized fragments, 1040 bp
long, covered the 5' non-coding and P1 protein encoding region (5). This region
is regprded as the most polymorphic among potyviruses, and it was also confirmed in this study. The other analysed region (844 bases) that encodes the coat
protein, was found to be more similar lor all the isolates. In order to obtain transgenic tobacco and potato plants, we prepared constructs in binary vectors,
containing a fragment of PVY polymerase. The introduction of such constructs
into a selected Polish potato cultivar (eg. Sokof or Irga) could lead to the resistance against PVY infection [14].
Publications
1. M. WeJnicki, and C. Hiruki (1993). Chemiluminescent assay for the detection
of viral and viroid RNAs using digoxigenin-labelled probes. In: "Bioluminescenco and Chemiluminescence - Status Report", A.A. Szalay, P.E. Stanley,
LJ. Kricka (Eds.), John Wiley and Sons, Chichester, Sussex, England, pp.
415-419.
2. M. WeJnicki, and C. Hiruki (1992). Highly sensitive digoxigenin- labelled DNA
probe for the detection of potato spindle tuber viroid (PSTV). J. Virol. Methods 39, 91-99.
3. M. Welnicki, C. Zekanowski, and W. Zagorski. Digoxigenin-labelled molecular probe for ihe simultaneous detection of three potato pathogens: PSTVd,
PVY, and PLRV. Acta Bioch. Pol. (submitted).
4. A. Gora, T. Candresse, and W. Zagorski (1994). Analysis of the population
structure of three phenotypically different PSTVd isolates. Archives of Virology (in press).
5. V. Tordo, A. Chachulska, H. Fakhfakh, M. Le Romancier, C. Robaglia, and S.
Astier-Manifacier. Sequence polymorphism in the 5'NTR and in the P1 coding region of Potato Virus Y genomic RNA. J. of Gen. Virol, (accepted).
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Interactions of potato spindle tuber viroid (PSTVd)
molecular variants with host plants
Anna Gora

The project is directed towards characterization of the interactions between
PSTVd genome and host plants. For that purpose the sequence analysis of
phenotypically dissimilar greenhouse isolates from Polish collection of potato
spindle tuber viroid (PSTVd) was carried on. The mild isolate was lound to be
composed of a unique molecular variant M, closely related to previously described PSTVd mild isolates. In intermediate isolate, three variants: i2, i3, i4 were
detected. The severe isolate was found to be a mixture containing four molecular variants: s23, s27, i4 and i2. All the variants detected (except i2 which is
identical to previously described PSTVd-DI) represent novel PSTVd sequences
with point mutations located in the V and/or P domains. In particular, variants
s23 and i4 represent shorter (358 nucleotides) versions of the PSTVd genome.
Infection o1 test plants with plasmids carrying monomeric cDNAs corresponding
to each of the cloned variants confirmed that they are infectious. The progeny of
each molecular variant was analyzed by PCR to assess the genetic stability of
particular variant.
In order to investigate the role of the structural domains in viroid pathogenicity and replication, a series of chimeras was constructed. The left (T1 and P)
and the right (T2 and V) domains were interchanged between the mild, severe
and lethal PSTVd genomes. Infectivity studies with these constructs revealed
that P domain contains a determinant required lor appearance of severe necrosis, stunting and epinasty characteristic of PSTVd severe isolate.
Preliminary data suggest that symptoms severity is not correlated with viroid accumulation and also that viroid accumulation might be controled, to some
extent, by the P domain. In conclusion, this work brings the first direct demonstration of the implication of the P domain in viroid pathogenicity. Contrary to recent results with interspecific viroid chimeras it also appears to rule out any
significant involvement of the V domain in regulating PSTVd accumulation or
symptoms expression.
References:
Gora A., Candresse T. and Zagorski W.: Analysis of the population structure of
three phenotypically different PSTVd isolates, Arch. Vir. (in press)
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Molecular analysis of Polish isolates of potato virus Y (PVY)
ar|
d construction of PVY resistant plants.
Anna Chachulska, Christophe Robaglia*
* Lab. de Biologie Cellulaire, INRA, Route de Saint-Cyr, F78026 Versailles Cedex, France

Potato virus Y (PVY), the type member of the potyvirus family, is one of the
most important potato pathogens, provoking significant crop losses. Its genome
is composed of one single-stranded RNA molecule that encodes a single polyprotein. Only two full sequences of PVY are published and function of PVY RNA
encoded proteins is not very well known.
Two regions of PVY genome of three Polish isolates (two necrotic ones and
one normal isolate) of different infectivity and pathogenicity were chosen for amplification and sequencing to get new information about the structure and function of the PVY genome. The first region was a fragment of 1040 bases,
covering the 5' non-coding region and P1 protein encoding region that is the
most polymorphic among potyviruses. It was confirmed by this study - the nucleotide sequence identity ranged between 72% and 99.6%. The other analysed
region (of 844 bases) that encodes the coat protein, was found to be much more conserved for all the isolates (nucleotide sequence identity above 90%). Moreover, cDNA libraries of two Polish isolates were obtained and some other
chosen regions of PVY isolates were amplified.
Another goal of this work is to obtain transgenic potato and tobacco plants,
resistant to PVY, using different strategies: expression of sense and antisense
viral RNA under two distinct promotors and expression of homologous and
heterologous coat proteins in transformed plants. Constructs in binary vectors
were prepared, including a 1.2kb fragment of PVY polymerase gene, cloned under the 35S CaMV and tRNALeu promoters, and they will be introduced into some varieties of tobacco and potato by agroinfection.
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Non-radioactive digoxigenin-labelled molecular probes
for the detection of potato viroid and viruses.
M. Wetnicki and C. Hiruki *
* University of Alberta, Canada

In recent years non-radioactive systems have been developed as a promising alternative to radioactive labelling of molecular probes. One such system,
utilizing digoxigenin as a reporter molecule, was used for the detection of two
important potato pathogens, potato virus Y (PVY) and potato spindle tuber viroid (PSTV). Digoxigenin-labelled transcripts complementary to PVY RNA were
synthesized in vitro from T3 promoter on a template of pBlue-Y plasmid. This
plasmid contains PVY cDNA fragment cloned into Pstl site of pBluescriptSK/+
vector, PSTV-specific cRNA probes was synthesized by SP6 RNA polymerase
on a template of pSP-Av6.2(+) containing concatameric, 6.2-times repeated
full-length cDNA copy of PSTV RNA. Both probes were used for the detection of
specific pathogenes by dot-blot hybridization. The results exhibited high sensitivity and specificity of the test, both pathogens were detectable in samples of
8000-times diluted extracts from infected plants. The probes produced positive
signal with 0.25 - 0.5 pg of specific RNA, but no spurious reaction was observed
with samples from healthy plants. Digoxigenin was also succesfully applied for
the labelling of p3POT plasmid by "random-primers" method. This plasmid contains cDNA fragments synthesized on a template of PSTV, PVY, and PLRV cloned into pUCi 8 vector, and it is suitable for the simultaneous detection of those
pathogens.
cDNA fragments used in this study were subject to sequencing, and the resulting sequences compared to that of other strains of pathogens. The results
indicated, that all fragments covered conservative regions of pathogenic genomes, with average similarity 92 - 99%, and therefore should be useful in detection of broad variety of strains. This observation was experimentally confirmed,
the probe produced positive signal with both necrotic and common PVY strains,
as well as with mild and severe PSTV strains. Our results suggest this technique
is suitable for the application in mass-scale testing, and selection of virus-free
plants.
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From genome sequencing to genes function
Joanna Rylka and Wtodzimierz Zag6rski-Ostoja
The yeast Saccharomyces cerevisiae is an ideal model organism to gain a
complete biochemical and genetical understanding of eukaryotic cell basic features. The genome of S.cerevisiae is relatively small, ca.15 000 kb/ haploid cell.
It is organized in 16 chromosomes of sizes from 260 to 2200 kb, containing an
estimated total of 6000 genes. Unlike that of man, the yeast genome contains
very few introns, 80% of its sequence codes for proteins (as against 5% in man).
Many cloning strategies are aplicable to yeast, making it feasible to isolate virtually any yeast gene. It is possible to return the cloned gene back into yeast cell,
either intact or suitably altered, either as multiple copies or as a replacement at
its proper location in the yeast genome. These characteristics, taken together,
make yeast a particularly interesting object for study. Progress strongly depends on the information derived from the investigation of yeast genetics and
molecular biology. The complete sequence of the S.cerevisiae genome will obviously contribute to this goal,
The world yeast community decided to undertake a systematic study on sequencing the whole yeast genome, addressing the questions: how many genes
are there, what are their functions, how and when are they expressed and how
are they organized ?
The Yeast Genome Project is providing the scientific community with a
wealth of new information about yeast genome. One of the major lessons from
the work carried out on chromosome III, II and XI is that at least 50% of the predicted ORFs have no homolog or have homologs of unknown functions. The existence in the yeast genome of so many unknown ORFs (about 3000 for the
whole yeast genome) shows that we are dealing with totally new genes whose
products are not accessible by the classical biochemical and genetic appro-33-

aches. The unraveling of the functions of new genes presents a great challenge
for the future. Thanks to close cooperation with the group of prof. P.P.SIonimski
from Centre de Genetique Moleculaire CNRS - France, our DNA Sequencing
Laboratory participates in the European BRIDGE project to sequence chromosomes II and X of the S.cerevisiae. The laboratory group have already determined about 64 kb of the consensus sequence of these chromosomes. The 42.5
kb segment of chromosome II encodes 15 complete ORFs, three of which have
been sequenced previously (CIF^lATPsv,CKS^). The analysis of the predicted
products of the ten new genes indicates that nine show no similarity to previously described proteins, two shows strong similarities to amino-acid permeases (1,2,3), and one is predicted to encode the DEAD-box RNA helicase which
corresponds to MAK5 gene involved in maintenance of the dsRNA killer plasmids [16].
The 24 kb segment of the right arm of chromosome X encodes four complete ORFs whose predicted products show significant similarity to known proteins. In the sequenced standard strain one of the ORF's is "inactivated" by a
tandem Ty\ insertion [17].
We are also taking a part in a pilot project of P.P Slonimski group: "The
functional analysis of yeast genome". Within that project we have already inactivated six ORFs.
Publications:
1. A.-M.Becam, C.Cullin, E.Grzybowska, F.Lacroute, F.Nasr, O.Ozier-Kaleogeropoulos, A.Patucha, P.P.SIonimski, M.Zagulski,C.J.Herbert, Yeast (1994) 10,
S1-S11
2. F.Nasr, A.-M.Becam, E.Grzybowska, M.Zagulski, P.P.SIonimski, C.J.Herbert ,
Curr.Genet., (1994)26, 1-7
3. M.Zagulski, A-M. Becam, E.Grzybowska, F.Lacroute, A.Migdalski, P.P.SIonimski, B.Sokotowska and C.J.Herbert, in press Yeast (1994)
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The gene MAK5 involved in maintenance of the dsRNA killer
plasmids encodes DEAD-box helicase
essential for the host cell viability

"j Q

Marek Zagulski, Chris J.Herbert, Piotr P.Stonimski, Joanna Rytka
The complete nucleotide sequence of a 12.5 kb segment from the right arm
of chromosome II covering the region between PPD1 and SUP45 revealed an
unknown ORF called YBR1119. The deduced protein sequence shows remarkable similarity to the DEAD - box RNA helicases. Gene disruption revealed that
YBR1119 is essential for cell viability. Through classical genetic analysis we
have shown that YBR1119 and mak5 are allelic.

20 kb of cosmid 103 from chromosome X encodes five
complete ORFs and a tandem repeat of Tyi.
Marek Zagulski, Andrzej Migdalski, Jolanta Sulicka,
Robert Gromadka.Beata Sokoiowska and Chris J.Herbert
We have determined the complete nucleotide sequence of a 24 kb segment
from the right arm of chromosome X carried by the cosmid o103. The sequence
encodes five ORFs, none of them correspond to previously described proteins.
L2 shows homology to bacterial L-ribulose-phosphate 4-epimerase, L3 is similar
to the human 3-hydroxyanthranilic acid di-oxygenase, R2 has a domain homologous to a domain of SEC7p and R3 is very similar to the cyclophilin/peptidylprolyl cis-trans isomerase family of proteins. L4 and R4 are parts of the same
ORF that was "inactivated" by the Ty\ insertion.
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Sulfur and folate metabolism in Aspergillus nidulans:
genetics and regulation.
Andrzej Paszewski
Our previous studies demonstrated that Aspergillus nidulans posses alternative pathways of cysteine and methionine synthesis. Their physiological roles
and regulation were elucidated and genes encoding enzymes of these pathways identified (6,7). Recently three of them i.e cysB, coding for cysteine synthase [21], cysD, coding for homocysteine synthase and metG, coding for
cystathionie/Myase [19] have been cloned and characterized on the molecular
level. metG is the first eucariotic gene coding for cystathionine /Nyase cloned.
Ail three genes contain introns and polypeptide sequences deduced from DNA
data show a considerable degree of homology with respective enzymes of other
organisms which may be interpreted as evolutionary relations.
We have found that the enzymes of sulfate assimilation pathway as well as
some enzymes of sulfur amino acid metabolism undergo repression when a favorable sulfur source such as methionine is present in the growth medium - a
phenomenon known as sulfur metabolite repression (SMR). The results point to
cysteine as a low-molecular-weight effector in this regulatory system. Four regulatory scon (sulfur control) mutants involved in SMR have been identified (5).
Mutations in these genes render the sulfur metabolism insensitive to SMR. Cloning of sconS and sconC genes is in progress [20].
Enzymatic studies with scon mutants revealed that these strains have derepressed levels of several folate-dependent enzymes (1,5). This finding drew our
attention to folate metabolism which provides the methyl group for methionine
synthesis. A high level of these enzymes was found to be a secondary effect of
an increase of the homocysteine pool and not a direct effect of the mutations. It
appears that the interaction between the regulation of sulfur and folate metabolic domains occurs through changes in the pools of homocysteine and methionine; the former acting as an inducer, the latter as a co-repressor.
Two mutations, metH and metDIO, apparently allelic, have been found to
specifically affect the regulation of folate enzymes (4). In the mutants induction
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of some folate enzymes, particularly of folylpolyglutamate synthetase, is impaired which leads to a high ratio of folyl monoglutamate to folylpolyglutamates.
Secondary mutations were obtained which suppress the lesion in the metH
strain. Some of the suppressor mutations render folate enzymes insensitive to
methionine-mediated repression and most likely identify new regulatory loci in
folate metabolism. [18]
Comparative studies on the role of homocysteine synthase in various yeast
genera have shown that the enzyme is indispensable only in S.cerevisiae (3).
S.pombe contains two homocysteine synthases and lacks the reverse transsulfuration pathway. Evidence has been found that in S. cerevisiae cysteine is an
effector in SMR (8) and not S-adenosylmethionine as it had been suggested before.
Publications:
1. M.Baliiiska, R.Natorff and A.Paszewski:"Regulation of folate metabolizing
enzymes in fungus Aspergillus nidulans. Pteridines 4:56-59 (1993)
2. J. Brzywczy and A.Paszewski;"Comparative studies on O-acetylhomoserine
sulfhydrylase: physiological role and characterization of Aspergillus
nidulans enzyme".Acta Biochim. Pol. 40:421-428 (1993)
3. J.Brzywczy and A. Paszewski:"Roleof O-acetylhomoserine sulfhydrylase in
sulfur amino acid synthesis in various yeasts".Yeast 9:1335-1342 (1993)
4.1.Lewandowska, E.Sikora, I.Szablewska, M.Baliriska and A.Paszewski:
"Metabolism of folate glutamates in Aspergillus nidulansWn "Chemistryand
Biology of Pteridines and Folates", eds.:J.E Ayling et a/. Plenum Press,
N.Y.(1993)pp.675-677
5. R.Natorff, M. Baliriska and A.Paszewski:"At least four regulatory genes
control sulphur metabolite repression in Aspergillus nidulans'. Mol. Gen.
Genet., 238: 185-192(1993)
6. A.Paszewski:"Sulfur amino acid metabolism and its regulation in Aspergillus
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7. A.Paszewski, J.Brzywczy and R.Nalorff:"Sulphur metabolism in Aspergillus
nidulans". \nAspergillus:50 years on'.S.D Martinelli, J,R Kinghorn (eds)
Elsevier (1994) pp.299-319
8. A.Paszewski and B-i.Ono:"Biosynthesis of sulphur amino acids in
Saccharomyces cerevisiae: regulatory roles of methionine and
S-adenosylmethionine reassessed" Curr. Gene/.,22:141-143 (1992)
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The role of DNA polymerases in DNA repair
of yeast Saccharomyces cerevisiae
Jerzy Zuk
Five genes encoding nuclear DNA polymerase activities have been mapped
and sequenced in Saccharomyces cerevisiae. These are: POL I (CDC17) - (a),
POL II - (e), POL III (CDC2) - (<J), POLX - ($, and REV3. Nuclear DNA polymerases a,6, and e have been purified from yeast and all three are essential for viability and are required for DNA replication in Saccharomyces cerevisiae. Two
others, DNA polymerase (i and DNA polymerase Rev3 are not essential and are
not involved in DNA replication. There is considerable uncertainty about the involvement of DNA polymerases in DNA repair synthesis during base excision
repair. Recent reports indicate that human DNA polymerase e was identified as
a factor required to reconstitute an undefined pathway of DNA repair synthesis
in UV-irradiated permeabilized human diploid fibroblasts, thus implicating the <•
DNA polymerase in this process. PCNA (and by implication DNA polymerase <J)
was required for nucleotide excision repair in a HeLa cell-free system. In nuclear
extracts of human cells, DNA polymerase fi was identified as the polymerase responsible for short-path DNA repair of processed apyridinic sites. In yeasts, the
availability of mutants for all known DNA polymerase genes suggests that Saccharomyces cerevisiae might be particulary suited for studies on the role of the
individual enzymes during excision repair in eucaryotic cells. So far, Wang et al.
have found in the in vitro studies of base excision repair synthesis of DNA either
containing uracyl or treated with UV or osmium tetroxide, that repair synthesis
did not occur in pol //ts mutant extracts, and could be restored by addition of
purified DNA polymerase II. Thus it has been showed that in vitro DNA repair
synthesis in yeasts, base excision repair pathway is catalysed by DNA polymerase e, but is modulated by the presence of DNA polymerase a and 6. However,
in the in vivo studies there are strong arguments which exclude DNA polymerase a from the repair of lesions caused by X-rays in yeast DNA, and others which
showed the involvement of DNA polymerase 6 in the repair of breaks caused by
MMS (1). So it cannot be presumed that a particular DNA polymerase acts in repair either as a single enzyme which performs all DNA repair synthesis, or, that
each repair pathway has a dedicated DNA polymerase. Therefore, further studies concerning the role of DNA polymerases in DNA repair in yeast cells have
been undertaken in our laboratory.
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After establishment of the role of DNA polymerase 6 encoded by the CDC2
gene in the repair of MMS-induced lesions in yeast, we also found that cdc2-1
mutant lacks proofreading 3'- 5' exonuclease activity (1),(2). In the next step,
the role of DNA polymerase II (E) and III (d) was studied both after MMS and UV
treatment [23]. The obtained results suggest that DNA polymerase II (c) is responsible for the repair of UV-induced lesions, but it is not involved in the repair
of MMS-induced lesions. This is in contrast to the ability of DNA polymerase <3,
which catalyzes the repair synthesis of lesions caused both by UV and MMS.
Therefore, the in vitro results of Wang et al. were confirmed in our in vivo experiments, and we showed that DNA polymerase e and d can cooperate in DNA
synthesis during base excision repair in the intact yeast cells.
The role of the REV3 gene in DNA repair in yeast was also studied [24]. We
found that the deletional inactivation of REV3 gene result in a significant delay of
a single strand break repair synthesis, as compared with the wild-type strain.
Studies on the repair of single strand breaks in double mutants carrying temperature sensitive mutations in POL III (6) or POL II (c) genes and deletion in REV3
gene also resulted in a similar delay of DNA repair synthesis. We found that
REV3 DNA polymerase, resposible for the error-prone DNA repair synthesis,
acts independently from the other nuclear DNA polymerases.
Publications:
1. Suszek W., H. Baranowska, J. Zuk, and W. Jachymczyk (1993) DNA polymerase III is required for DNA repair in Saccharomyces cerevisiae. Curr. Genet.
24: 200-204.
2. Zaborowska D., H. Baranowska and J. Zuk (1994) Role of the DNA polymerase III in mutagenesis in the yeast Saccharomyces cerevisiae. Bull. Acad. Polon. Sci. 42: (in press.)
Comunications:
1. Suszek W, H. Baranowska, J. Zuk and W. Jachymczyk (1992) DNA polymerase III is required for DNA repair in S.cerevisiae. 16th Int. Conf. on Yeast Genetics and Molec. Biol. Yeast 8: 5-16A, S262.
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Intracellular protein sorting
in the yeast Saccharomyces cerevisiae.
Magdcilena Boguta

Proteins synthesized in the cytoplasm must be sorted to other parts of the
eucaryotic cell to function. Most have a single destination but there is a subset
of so-called sorting proteins which must be partitioned between two or more
cellular compartments. Mod5p, a tRNA modification enzyme, is found in three
intracellular compartments - mitochondria, cytoplasm and nucleus. The two
forms of the enzyme, Mod5p-I and Mod5p-ll, encoded by a single M0D5 gene,
differ at N-termini and are produced by initiation of translation at different start
codons. Mod5p-I contains a mitochondrial targeting signal and is distributed
between mitochondria and cytoplasm, whereas Mod5p-li V: found in the cytosol
and nucleus (2).
The mafi mutant which causes mislocalization of the Mod5p-I enzyme was
isolated. The screen, performed for a lower amount of Mod5p-I in the cytoplasm, was based on a correlation between the amount of cytosolic protein and
the efficiency of tRNA mediated suppression. Identification of mutants is possible because a red pigment acumulates in cells unable to suppress an ade2-1
nonsense allele. Immunofluorescence data suggest that the mutation causes
mislocalization of the cytosolic Mod5p-I to the nucleus (3)[26].
We have cloned the MAF1 by complementation of the mafi ts phenotype.
The MAF1 gene is localized on the chromosome IV close to the centromere. The
MAF1 gene sequencing is in progress. We have also cloned the suppressor of
the mafi phenotype. The gene has been also already known as YTA1, gene homologous to PAS1 and SEC18 genes involved in cellular transport [26].
The second topic of interest of our lab are the nuclear-mitochondrial interactions in the yeast cell.
The approach for the identification of the nuclear genes involved in control
of mitochondrial biogenesis consists of studying nuclear suppressors restoring
the respiratory competence of mit' mutations. The NAM9-1 gene, involved in mitochondrial translation, was isolated in our laboratory as an informational
nuclear suppressor of mitochondrial mit' ochre mutations. It encodes a protein homologous to the S4 ribosomal protein from chloroplasts, bacteria and eucaryotes (1). The deduced NAM9 gene product is 485 amino acids long, thus is
much longer than the homologous proteins from bacteria, chloroplasts and yeast. It extends for some 250 C-terminal amino acids beyond the region of homo-
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logy. The function of the C-terminal NAM9 domain is unknown, althought it is
essential for mitochondrial function and the homology search shows the hclixturn-helix motif.
To characterize further the functional domains of NAM9 protein we identified the site of the suppressor mutation within the NAM9-1 allele. It was found to
be a single nucleotide substitution changing serine in the wild type protein for
leucine in the suppressor mutant. The mutation is located at the amino acid 82
within the S4 homologous part of the NAM9 gene corresponding to S4 region of
interaction with 16S rRNA. In E.coli the S4 protein plays a key role in ribosome
assembly and translational fidelity directly by the interaction with 16S rRNA. An
analogous mechanism of control of translational fidelity, including the S4-like
domain of the NAM9 protein, might be expected for yeast mitochondria.
The mitoribosomal character of the NAM9 gene product is confirmed by the
cross reaction of the NAM9-/3 galactosidase fusion proteins expressed in E. coli
with the antisera for the S. cerevisiae mitochondrial ribosomal proteins [25]
Cytoplasmic polyadenylated RNA was analysed by Northern blotting revealing a NAM9 gene transcript of 1.8 kb. The transcript level is not regulated by
the catabolite repression but is decreased in the presence of NAM9-1 mutation.
Second site suppressors of NAM9-1 mutation were cloned. Two known genes,
PAB1, HSP104 and two other unknown genes were identified which suppress
the NAM9-1 phenoype, when present in many copies. The sequencing of the
unknown ORF is in progress [25],
References
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Regulation of heme and hemoproteins
biosynthesis in yeast Saccharomyces cerevisiae.
Joanna Rytka
The long-range goal of our research project is a contribution to a better understanding of the very complex problems raised by general metabolic control
by oxygen and heme. It comprises: 1.regulation of heme synthesis and its relationship with iron metabolism; 2.regulation of gene expression by oxygen and
heme.
The heme biosynthetic pathway in S.cerevisiae consists of the same 8 enzymatic steps as in all organisms analyzed so far, with the exception of the first
step which is different in bacteria and in higher plants. These enzymes are partitioned between the cytoplasmic and mitochondrial compartments. The ability of
S.cerevisiae to grow only by fermentation made it possible to isolate respiratorydeficient mutants completly blocked in heme synthesis. These hem mutants
have been used to isolate HEM genes by functional complementation and provided tools to study the regulatory effects of heme (1), [27], We have also developed a method to isolate mutants partially defective in specific steps of the
pathway leading to a phenotype mimicking human porphyrias (2). Recently we
have isolated and sequenced the HE/W12 gene encoding uroporphyrinogen decarboxylase, the fifth enzyme of the heme pathway. This allowed us to clone
and sequence the hem12 mutant alleles of mutants we have previously isolated
and characterized. In 13 strains single nucleotide substitutions were found causing amino acid changes in evolutionary conserved regions, thus providing a
basis for finding the structure-function relationship (3,4). Surprisingly, in 10 mutants, although they did not complement the hem12 mutation, no nucleotide
change was found in the coding region. The results of a detailed genetic and
biochemical analysis indicate that mutations in 4 different loci interfere with the
activity of uroporphyrinogen decarboxylase. One of the mutations, udt1, affects
transcription of the HE/W12 gene, the products of three other genes, IPA\, IPA2,
IPA3, modify the enzyme activity probably at posttranslational level (5). The isolation of the UDT\ and IPA genes should help us to understand the significance
of that regulation which has not been detected by the physiological approach
[28].
We have also started isolation and characterization of mutations affecting
the functioning of ferrochelatase. Ferrochelatase catalyzes the final step of heme biosynthesis - the insertion of ferrous iron in protoporphyrin. The enzyme is
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bound to the inner mitochondrial membrane. As soon as heme is made in the
mitochondria, it must be distributed in different compartments of the cell for the
assembly of differently located hemoproteins and for its regulatory functions in
the transcription of many genes. By in vitro and in vivo mutagenesis of the
HEM 15 gene, encoding yeast ferrochelatase, we hope to isolate mutants affected in protoporphyrin and iron binding. Such mutants and their suppressors will
be precious for studying the relationship between heme production and iron
metabolism. Seeking for new mutants with a phenotype of ferrochelatase deficiency and the revertants, we expect to find mutations not only at the HEM 15
locus but also at other loci affecting the fate of heme and iron in the cell. So far
twelve hem15 mutants have been isolated. Mutants were characterized genetically and biochemically, the amino acid substitutions in mutated enzymes were
identified [29,30].
Publications:
1. Chelstowska A., Rytka J.: Biosynteza hemu w drozdzach Saccharomyces cerev/s/ae.,Poste.py Biochemii, 1993, 39, 173-184
2. Kurlandzka A., Rytka J.: Mutants of Saccharomyces cerevisiae partially defective in last steps of the heam biosynthetic pathway., J.Gen.Microbiol., 1985,
131,2909-2918
3. Garey I., Labbe - Bois R., Chelstowska A., Rytka J., Harrison L. Kushner J.,
Labbe P. : Saccharomyces cerevisiae uroporphyrinogen decarboxylase
HE/W12 gene. An evidence for two conserved glycines essential for enzymatic activity., Eur.J.Biochem., 1992,205,1011-1016
4. Chelstowska A., Zota.dek T., Garey J.,Kushner J., Rytka J., Labbe-Bois R.:
Identification of amino acid changes affecting yeast uroporphyrinogen decarboxylase activity by sequence analysis of hem12 mutant alleles., Biochem.J., 1992,288,753-757
5. Zola.dek T., Chetstowska A., Labbe-Bois R., Rytka J.: Isolation and characterization of extragenic mutations affecting the expression of uroporphyrinogen decarboxylase (HEM12) in Saccharomyces cerevisiae.,submitted for
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Regulation of folate-dependent enzymes
in Aspergillus nidulans:
study with regulatory mutants.

<4 Q

Irmina Lewandowska and Matgorzata Baliriska
Methionine biosynthesis in A. nidulans links two metabolic domains i.e.sulfur and foiate metabolism. It appears that the interaction between regulation of
these domains occurs through changes in the pools of homocysteine and methionine: the former amino acid acts as an inducer and the latter as a co-repressor of folate-dependent enzymes synthesis.
Two methionine requiring mutants: metH2 and metDIO, apparently allelic,
show impaired regulation of foiate enzymes. Most characteristic for the mutants
is a repressed (not inducible) level of folylpolyglutamate synthase (FPGS),
which correlates with a high ratio of folylmonoglutamate to folylpolyglutamates.
New mutations have been isolated, which suppress a lesion in the metH2
strain. Some of these suppressor mutations identify new regulatory genes in foiate metabolism and render folate-dependent enzymes insensitive to methionine-mediated repression.

Cloning and characterization of Aspergillus nidulans genes
coding for homocysteine synthetizing enzymes.
Marzena Sieriko
In A. nidulans there are two enzymes which synthesize homocysteine: 0acetyihomoserine sulfhydrylase (homocysteine synthase) and cystathionine /3lyase ^3-cystathionase) coded for by cysD and metG genes, respectively. We
have cloned these two genes by complementation of appropriate mutants using
a plasmid gene library.
Both genes were sequenced. Five introns were found in the cysD gene.
Their positions were identified through the analysis of appropiate cDNA fragments synthesised by PCR. Also, metG gene probably has an intron sequence
at its 5' end. Both genes show homology to the family of genes coding for transsulfuration enzymes, such as human, rat and yeast cystathionine y-lyases,
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yeast homocysteine synthase, and both cystathionine y-synthase and cystathionine /Myase from E. coli. Amino acid sequence of homocysteine synthase
deduced from DNA sequence shows 63% similarity with its S. cerevisiae counterpart.
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Cloning of sconB and sconC regulatory genes controlling
sulfur metabolism in Aspergillus nidulans.
Renata Natorff and Matgorzata Piotrowska
Fungi like many other microorganisms, when supplied with a preferential
sulfur source like methionine or cysteine, shut off the synthesis of enzymes
needed for utilization of less favorable sources such as sulfate. This regulatory
system is known as sulfur metabolite repression.
Four regulatory genes affecting this system, designated scon (sulfur control) have been identified in our laboratory. Mutations in these genes relieve a
group of sulfur amino acid biosynthetic enzymes, particularly those of the sulfate assimilation pathway, from methionine-mediated repression. We are working
on cloning these genes using an A.nidulans cosmid gene library with specified
chromosomal subpools. A two step selection system was applied, based on
scon strain sensitivity to selenate and chromate in the presence of methionine
and on checking the level of the scon regulated enzyme in transformed clones.
Two different cosmid clones which complement lesions in the sconB and sconC
mutants respectively, have been selected. Analysis of DNA inserts in order to
identify and isolate shorter fragments responsible for complementation and
suitable for sequencing is in progress.
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Cloning and characterization of cysteine synthase coding
gene from Aspergillus nidulans
Jacek Topczewski
In A. nidulans, like many other fungi, there are two key enzymes which incorporate inorganic sulfur into sulphur-containing amino acids: O-acetylserine
sulfhydrylase (cysteine synthase) and O-acetylhomoserine sulfhydrylase (homocysteine synthase), encoded by the cysB and cysD genes, respectively. The
wild type CYSB was cloned by complementation of a cysB mutation using a
cosmid gene library. The gene and its cDNA copies were sequenced. The amino acid sequence of A. nidulans cysteine synthase shows a considerable similarity to homologous enzymes from E.coii and plants. Interesting evolutionary
relations can be inferred. Measurements of cysteine synthase activity indicate
that multi-copy cysB* transformants occur frequently. It was established that
CYSB gene is present in clones W3A03 and L21B10 of pWE15 and pLORIST2
cosmid library from the Fungal Genetics Stock Center. Studies of CYSB expression are in progress.

Genotyping of Bison bonasus k-casein gene
following DNA sequence amplification.
Beata Burzyhska *, Jacek Topczewski
* Department of Genetics and Animal Breeding, Warsaw Agriculture University. 05-840 Brwinow.
Przejazd 4, POUND Phone (48) 58 90 71 Fax (48) 49 13 75.

European bison (Bison bonasus L) is the largest mammal in Europe. After
the First World War bisons have survived only in zoological gardens. Protection
of the animals started in 1923. The first register showed that only 54 individuals
had survived, descendants of only 12 founder animals, which have been divided into two genetically distinct populations: the lowland line (Bialowieza subspecies) and the Biatowieza-Caucasus line, which was derived from lowland
and Caucasian subspecies. The animals belonging to the lowland line (in Poland) stem from seven founders, and their gene pool diversity resulting from a
high inbreeding is very limited.
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In order to detect a kappa-casein gene fragment, genomic DNA isolated
from blood of 30 B.bonasus individuals was used for PCR amplification. In the
bovine family k-caseins exist in A and B variants. In this study of European bison from Poland, we have found only BB genotypes. Sequencing of the PCR
product revealed the same polymorphism in the other variable sites, typical for
B.bonasus. The comparison of the bovine and European bison sequences indicated a very high degree of conservation of Exon IV.
We concluded that inbreeding processes may lead to the elimination of some alleles in the European bison. The absence of the A genotype in the tested
population might be a consequence of such a high inbreeding level.
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Two DNA polymerases - II (e) and III (d) are engaged in DNA
repair of Saccharomyces cerevisiae
Agnieszka Hatas, Jerzy Zuk and Witold Jachymczyk
The role of DNA polymerase II (c) and III {d) has been studied in the repair of
breaks caused in yeast nuclear DNA by UV and MMS treatment. With the help
of temperature sensitive mutants, cdc2-1 of DNA polymerase III and pol2-W of
DNA polymerase II, it was established that DNA polymerase II is responsible for
the repair of UV-induced lesions, but is not engaged in the repair of MMS-induced lesions. In contrast, DNA polymerase III catalyzes the repair synthesis of
breaks caused in DNA by UV, as well as by MMS. Therefore, DNA polymerase II
and III can cooperate in DNA synthesis during base excision repair in the intact
yeast cells. These results also confirmed observation obtained earlier by Wang
et al. in the in vitro system, concerning the involvement of DNA polymerase II (c)
in the repair of breaks caused in DNA by UV-irradiation.
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Inactivation of REV3 DNA polymerase caused the delay
in DNA repair synthesis of Saccharomyces cerevisiae
Hanna Baranowska, Zofia Policiiiska and Witold Jachymczyk
We have studied the role of REV3 DNA polymerase in the DNA repair system of yeast. The deletional inactivation of the REV3 gene not only reduces the
level of mutation but also significantly delay the speed of single-strand break
repair synthesis, when compared with the wild type strain. Studies on the repair
of such breaks in double mutants carrying temperature sensitive mutation
cdc2-1 in the POL III gene and deletion in REV3 gene, resulted in a similar delay
of DNA repair synthesis. No synergistic effect also appears in the double mutant
carrying ts. mutation pol2-18 in POLII gene and a similar deletion in the REV3
gene. These results suggest that REV3 DNA polymerase, responsible for errorprone DNA repair synthesis, acts independently from the other nuclear DNA polymerases, engaged in the error-proof DNA repair synthesis in yeast.

The NAM9-1 suppressor mutation
in a yeast mitoribosomal gene
Agata Konopiriska, Aleksandra Dmochowska and Magdalena Boguta
The nuclear NAM9 gene from Saccharomyces cerevisiae codes for a mitochondrial equivalent of the Escherichia coli S4 ribosomal protein as was previously postulated on the basis of sequence homology. The mitoribosomal
character of the NAM9 gene product is confirmed by the cross reaction with the
antisera for the S. cerevisiae mitochondrial ribosomal proteins. The NAM9-1
mutation acts as the suppressor of some ochre mitochondrial mit' mutants and
leads to a partial impairment in respiratory growth at 28°C and no respiratory
growth at 37°C. The mutation is identified as a single nucleotide substitution
changing serine in the wild protein for leucine in the suppressor mutant. The
mutation is located at the amino acid 82 within the part of the NAM9 gene corresponding to S4 region of interaction with 16S rRNA. That indicates that the
mechanism of NAM9-1 suppression is analogous for the E. coli ram (ribosomal

-49-

25

ambiguity) suppressor mutations in the structural gene for the ribosomal protein
S4. The level of the NAM9 transcript is decreased in the presence of mutation.

maf1 mutation alters the subcellular localization
°f the Mod5p protein in yeast
Marcin Murawski and Magdalena Boguta
Two forms of Mod5p, a tRNA modification enzyme are found in three intracellular compartments, mitochondria, cytoplasm and nucleus, but are encoded
by a single M0D5 gene. The two forms of the enzyme, Mod5p-I and Mod5p-ll
differ at N-termini and are produced by initiation of translation at different start
codons. Mod5p-I does contain a mitochondrial targeting signal and is distributed between mitochondria and cytoplasm, whereas Mod5p-ll is found in the cytosol and nucleus.
In the present work mutants which mislocalize the Mod5p-I enzyme were
isolated. The screen was based on a correlation between the amount of cytosolic protein and the efficiency of tRNA mediated suppression. Identification of
mutants is possible because a red pigment accumulates in the cells unable to
suppress an ade2-1 nonsense allele. The maf1 mutant, with an altered intracellular localization of the Mod5p-I protein, was isolated. Immunofluorescence data
suggest that the mutation causes mislocalization of the Mod5p-I to the nucleus.

Interrelationship between heme and oxygen as the regulators
of the synthesis of peroxisomal enzymes.
Marek Skoneczny, Joanna Rytka
The Saccharomyces cerevisiae peroxisomes contain enzymes of the fatty
acid defa-oxidation pathway and catalase A. We have previously reported that
the expression of the genes coding for these enzymes is not only induced by
fatty acids but is also under control of heme and oxygen and repressed by glu-50-

cose. Most of the genes whose expression is regulated by oxygen are also regulated by heme in the same fashion. Heme has been postulated to serve as an
intermediate in the mechanism signalling the oxygen level in yeast. However,
our data demonstrate that heme and oxygen are independent effectors of the
synthesis of proteins involved in peroxisome biogenesis.

Hunt for Saccharomyces cerevisiae IPA 1 gene through
sequencing of DNA surrounding the HEM12 locus
Andrzej Migdalski, Joanna Rytka
HEM 12 gene in S.cervis/ae codes for uroporphyrinogen decarboxylase
(uro-d), the fifth enzyme of the heme biosynthetic pathway. Mutants were isolated which show total or partial deficiency in uro-d activity, in 13 strains mutations are in HEM12 locus (1) whereas in 10 strains mutations in 4 different loci
/P/A1, IPA2, IPA3. UDT1 interfere with uro-d activity, one of these mutations, IPA\
is closely linked to the HEM12 locus which has been mapped on chromosome
IV (0.8 cM from CDC34) (2).Taking advantage of this we have started to sequence DNA surrounding H£/lf12 to isolate an ORF which will complement the ipal
mutation. In the region downstream of HEM12 locus two unknown ORF-s were
found. Phenotypic effect of the deletion of these ORF-s will be studied.
References:
1. Chetstowska A., Zotadek T., Garey J., Kushner J., Rytka J., Labbe - Bois R.
(1992) Biochem. J.,288, 753-757
2. Zofadek T., Chetstowska A., Labbe-Bois R., Rytka J. (1994) submitted for
publication.
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Isolation and biochemical characterization of Saccharomyces
cerevisiae mutants defective in the ferrochelatase function

29

Agnieszka Chaciriska, Monika G6ra, Ewa Grzybowska, Joanna Rytka
Ferrochelatase, associated with the mitochondrial inner membrane, catalyzes the last step in protoheme biosynthesis: the incorporation of ferrous ion into
protoporphyrin. We have isolated mutants with total or partial ferrochelatase deficiency. The mutants were obtained by in vivo and in vitro mutagenesis. The latter mutations were designed in conserved parts of amino acid sequence
invariant in all known species.
The hem 15 mutants were analyzed by:
- ability to grow on various media
- measuring the amounts of heme and porphyrin accumulated in cells
- estimation by immunodetection of the amount of ferrochelatase protein
present in cells
- analysis of the kinetic parameters of the mutant enzymes
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Site-directed mutagenesis of the HEM! 5 gene coding for
ferrochelatase in Saccharomyces cerevisiae

&•

Ewa Grzybowska, Monika G6ra
The amino acid sequence of ferrochelatase (FERROC), deduced from the
nucleotide sequence is known for 9 species (bacteria • E.coli, B.subtilis, Btadyrhizobium japonicum; fungi: S.cerevisiae; mammals: human and mouse and
plant: Arabidopsis thaliana, Hordeum vulgare, Cucumis sativus). The alignment
of the 9 ferrochelatase sequences revealed six blocks of conserved amino acid
sequence. It is predicted that the 27 invariant amino acids play an essential role
in the enzyme functioning. To replace some of these invariant amino acids sitedirected mutagenesis has been employed. Mutants are screened for ferrochelatase activity measured in vivo and in vitro. The obtained results should clarify
the role played by these residues in the structure of the FERROC active site,
binding of protoporphyrine, metal ions and a mechanism of heme releasing.
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Long range electron transfer
between radical redox centers in model peptides
Kazimierz L Wierzchowski
Elucidation of mechanisms and molecular pathways involved in intra- and
intermolecular long range electron transfer (LRET) in redox proteins and biological redox systems requires parallel studies on simpler experimental models.
Over the past years we have investigated, by pulse radiolysis techniques, kinetics and thermodynamics of LRET accompanying radical transformation between aromatic (Trp, Tyr) and sulphur (Met) amino acid radicals in various
model peptide systems of the general formula X-(Pro)n-Y. Following earlier report on LRET in these systems (1), the kinetic and termodynamic data for
Met/S.'.Br -» Tyr radical transformation inTyr-(Pro)n-Met (2) and forTrp' -» Tyr
in Trp-(Pro)n-Tyr (3) peptides were completed and analysed in greater detail in
terms of the Marcus theory of electron transfer.
According to this theory, the rate of LRET for a given redox pair depends
exponentially on the distance between redox centers and is proportional to the
overlap between their molecular orbitals (MO). In order to evaluate this distance
in the flexible model peptides studied their conformational preferences in
aqueous solution were established with help of 1 H and 13C NMR (4,5) and CD
(6) [32] spectroscopy as well as theoretical molecular mechanics (MM) and dynamics (MD) modeling methods (4). On this basis separation distances through
covalent bonds (TB) and through space (TS) and MO overlap integrals between Trp and Tyr redox centers in Trp-(Pro)n-Tyr, n = 0-5, series of peptides
were obtained and applied in calculation of average LRET rates for ensemblies
of low-energy conformers according to the Marcus theory. Simultaneous fitting
of the calculated and experimental LRET data to a number of LRET models, based on different combinations of possible electron transfer pathways, demon-53-

strated involvement of both the TB and TS pathways in short-bridged peptides
(n = 0-2) and only of the TB one in their longer-bridged analogues (n = 3-5)
[33]. The same approach was applied to interpretation of experimental kinetic
LRET data for a series of cyclic peptides: -L-Trp-/L-Tyr-, -O-Trp-Z.-Tyr and all-/.
-Trp-Pro-Pro-Tyr-Gly-Gly-, differing greatly in spatial separation of the aromatic
rings. The results obtained [31] fully confirmed conclusions concerning involvment of TB and TS pathways, derived from the LRET data for linear peptides.
The electronic coupling decay factor for the TB [(Pro)n] pathway in linear peptides proved significantly higher than the average one for protein matrix. Since
the (Pro)n bridge in these peptides was shown to be in a helical conformation
similar to that of poly-L-proline II, this suggests that helical segments in proteins
can function as very efficient chanels for electron transfer.
Publications
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3. K.Bobrowski, J.Holcman, J.Poznaiiski, M.Ciurak & KLWierzchowski, Pulse
radiolysis studies of intramolecular electron transfer in model peptides and
proteins.V. Trp1 -• Tyr radical transformation in H-Trp-(Pro)n-Tyr-OH peptides, J.Phys.Chem., 96 (1992) 10036.
4. J. Poznariski, Ph.D. Thesis, Institute of Biochemistry and Biophysics, Polish
Academy of Sciences, 1994.
5. J.Poznahski, A.Ejchart, M.Ciurak & K.LWierzchowski, 1H and 13C NMR investigations of cis-trans isomerization of proline peptide bonds in H-Trp(Pro)n-Tyr-OH peptides, Biopolymers 33 (1993) 781.
6. K.LWierzchowski, K.Majcher & J.Poznariski, CD investigations on conformation of H-X-(Pro)n-Y-OH peptides (X = Trp, Tyr; Y = Tyr, Met); models for intramolecular long range electron transfer, submitted to Int.J.Peptide Protein
Res.
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Molecular mechanisms of initiation of transcription of
procaryotic and simple eucaryotic (tRNA) genes
Kazimierz L.Wierzchowskl
Molecular mechanism involved in multistep process of transcription initiation, even on simplest procaryotic promoters, are still not known satisfactorily
and are subject of further studies in numerous laboratories. For our part, we
have investigated the effect of DNA bending and stiffness, exerted by Tn.An sequences of different length, within various functional domains of a consensus-like promoter on its in vivo activity and the gross-structure (PAGE retardation) of
the open complex formed thereon by the cognate E.coli a70-RNA polymerase
(1). We have found that the effect of promoter bending by T n trackts (n = 5,6)
in the coding strand (to the outside of the protein-DNA interface) is the largest
for the T5(-38...-34) trackt located in the -35 recognition domain. In order to
check whether the observed effects of DNA bending depend also on the direction of bending, a number of appriopriately designed promoters was constructed and their activity in vivo and gross-structure in vitro investigated
analogously [34]. Comparative analysis of the data for the promoters bearing in
the -35 and in the spacer regions of the non-coding strand similarily located An
or Tn trackts, expected to bend DNA to the inside and to the outside of the promoter-RNAP interface respectively, has demonstrated that neither the grossstructure of the open complexes nor the activity of the promoters depends
measurably on the direction of DNA bending. These findings are incompatible
with the postulated nucleosome-like model of the E.coli transcription complex,
postulated by A. Travers (1987), and suggest rather involvement of the helixturn-helix motif of a 70 subunit of RNAP in promoter recognition.
Recent finding that formation of the open transcriptionally active complex
on the APR promoter requires binding of 1 Mg 24 ion within the single-stranded
DNA domain (M.T.Record Jr., 1992) prompted us to study effect of Mg 2 + on the
topology of this domain in open complexes formed by RNAP on selected promoters bearing DNA bending sequences using KMnO4 footprinting [36]. Analysis of the footprints indicated that in the presence of Mg 2 + distribution of T
residues in the melted DNA domain, accessible to oxidation by KMnO4, is independent of the presence of An.Tn sequences, while in the absence of Mg 2 + it
varies both with the length and location of these sequences. Specifically bound
Mg 2 + within the single-stranded DNA domain of the open complex stabilizes
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thus not only topological structure of this domain but also of the whole complex.
Further kinetic studies with use of fluorescent y-ANS-UTP are carried out to
determine effect of DNA bending on thermodynamic parameters of closed and
open complexes [35]. Also footprinting experiments with OH' radicals are planned in order to investigate in greater detail topological structure of open complexes with variously located bending sequences.
Previously reported ("Survey of Research", November 1991) studies on assembly of the yeast transcription initiation complex on tRNATyr gene and on affinities thereto of nucleotide substrates (2) were completed and this part of the
project discontinued.
Publications:
1. T.tozinski, K.Adrych-Rozek, W.T.Markiewicz, & K.LWierzchowski. Effect of
DNA bending in various regions of a consensus-like Escherichia coli promoter on its strength in vivo and structure of the open complex in vitro, Nucleic
Acids Res., 19(1991)2947.
2. P.Szafrariski and W.J.Smagowicz, Relative affinities of nucleotide substrates
for the yeast tRNA transcription complex, Z.Naturforsch.,47c (1992) 321.
3. P.Szafrariski, On the evolution of the bacterial major Sigma factors,
J.MoI.Evol. 34(1992)465.

Expression of small heterologous genes in microorganisms
Magdalena Fikus
When the final goal of DNA recombination is the efficient expression of the
cloned gene, Escherichia coli is the most frequently used bacterial host, whereas yeasts (Saccharomyces cerevisiae, Hansenula polymorpha and Pichia pastoris) are considered the most convenient lower eukaryotic organisms.
However, efficient expression of small, heterologous genes in the microorganisms still remains a non-trivial task. The particular gene - protein system has
to be throughly investigated and adjusted to appropriate experimental demands.
In E. coli cytoplasmic expression of genes coding for small proteins, of about 50 aa length, is usually rather low. It was suggested that the expression pro-56-

ducts, short chains of mRNA and of the nascent polypeptide, are easily hydrolysed by the respective enzymes. This problem could be partly overcome either
by gene fusion or by cloning the gene in question in an expression - secretion
vector.
Usually, fused proteins form aggregates of denatured particles called inclusion bodies, and the desired final product has to be cleaved from the protecting
leader sequence and renatured to the native state. Introduction of a specific cleavage site may result in changing of the amino acid sequence of the native protein. On the other hand, expression of genes cloned in the secretion vector
usually remains at a low level.
The cloning system of the lower eukaryote S. cerevisiae offers a wide range
of expression and secretion vectors; however, small peptides are synthesized in
low yields. The level of expression strongly depends on the gene and/or protein
sequences, on the type of the vector and of the particular expression casette,
on the genotype of the recipient strain and on culture conditions.
Those and related problems will be illustrated by the results of our research
on the expression of chemically synthesized genes coding for plant proteinase
inhibitor (29 aa) [37] and human epidermal growth factor, EGF, (53 aa).

Mechanical properties of the cellular membrane
Magdalena Fikus
An external electric field acting upon cellular membrane generates different
types of mechanical stress. These effects depend on electric and geometric parameters of the system, leading either to shape deformation of the membrane
(shear stress) or to local variations in the thickness of the membrane (extensil
stress). The latter results in destabilization of the membrane, manifesting itself
either by a transient increase in its permeability (electroporation) or by its irreversible breakdown (electrofusion, electrodestruction). The mechanism of the
above alterations is not yet well understood.
We have proposed theoretical analysis of the extensil stress in the membrane (1) modeled as a thin spherical shell. The model considers Maxwell stress
developing at the surfaces of the shell, averaged over time. The value of stress
depends on electric field amplitude and frequency and on the electric and geo-57-

metric parameters of the system. On the other hand, considerations of the mechanical properties of the membrane lead to respective constitutive equations
relating local alterations of both area and thickness of the membrane to extensil
stress.
Experiments on electroporation and electrodestruction for two different types of cells were performed and analyzed according to the above theoretical
model (2, 3). The effect of electric field frequency on membrane stability was
clearly exposed. The same model was applied to experimental results reported
in literature on electrofusion of human erythrocytes. All data were discussed in
terms of a simple rheological model of the membrane, treated as a viscoelastic
body endowed with inertia. The general character of the analytical model of the
membrane was postulated (4), [38].
Publications:
1. Pawlowski, P. and Fikus, M. (1993) Biophys. J. 65:535-540.
2. Pawlowski, P., Szutowicz, I., Marszalek, P. and Fikus, M. (1993) Biophys. J.
65:541-549.
3. Szutowicz, I. Praca magisterska, Wydzial Fizyki UW, 1992.
4. Pawlowski, P. Rozprawa doktorska IBB PAN, 1994.

Conformation properties of calcium binding protein fragments,
Andrzej Bierzyriski
In proteins from the troponin C superfamily, such as calmodulin or S100
proteins, calcium ions are coordinated by so called "binding loops" - 12 amino
acid long polypeptide segments with higly conservative sequence and characteristic arrangement of ion ligands. The proteins are built of one or two domains.
Each domain contains, as a rule, two binding loops strongly interacting with
each other that gives rise to cooperative ion binding.
Lanthanide ions, with their radii very close to that of Ca 2+ and with similar
coordination properties, bind to proteins in similar way as calcium ions, although their binding constants are usually much higher, due to the larger ion charge (3+).
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We have been studying conformations! properties of a synthetic peptide
(K12) - the analouge of the IIIrd binding loop of rat testis calmodulin with the following sequence: ACDKDGDGYISAAENH2.
I. Investigations of tyrosine ring conformation in peptide K12.
It is well known that fluorescence decay of tyrosine residue in peptides is
not a monoexponential function of time because each of the possible tyrosine
ring rotamers - g + , g' and t - is characterised by a different fluorescence lifetime. Analysis of the fluorescence decay of K12 peptide saturated with Ca 2+ ,
La 3+ , and Tb 3+ ions and in its apo form leads to the following conclusions:
a. The fluorescence lifetimes of the rotamers are not affected by ion binding.
b. One of the rotamers is practically eliminated in the lathanide-saturated
peptide. The populations of two others are temperature independent and equal
10 and 90%, respectively.
c. Tyr -» Tb 3+ energy transfer measurements show that in the less populated rotamer the tyrosine ring is situated farther away from the coordinated ion.
d. Calcium binding has only a minor effect on peptide fluorescence. All
three rotamers are still allowed and their populations change with temperature
in a similar way as in the apo peptide.
This work is presented in Poster [39].
In the following Poster [40], the results of molecular dynamics simulations
made for K12 peptide are presented. Their aim was to identify the tyrosine rotamers observed fluorometrically, to find the sources of free enthalpy differences
between tyrosine rotamers in peptide saturated with Ca 2+ and La 3+ ions, and
to account for relatively high energy bariers for tyrosine ring rotations.
This work is still under way, but the results obtained so far look very promising. The calculations show that in the peptide saturated with La 3+ ions trans
rotamer should be the most populated and that the populations of g and g + rotamers should be close to about 10 and 1%, respectively. The distance between
the centers of the tyrosine ring and a coordinated ion is the largest in g" rotamer. Therefore, the calculation results are fully consistent with the fluorescence
data and make it possible to assign the observed fluorescence decays to particular rotamers.
II. Dimerisation of K12 peptide.
The 1 H NMR signals of the peptide saturated with La 3+ ions change considerably their position and linewidth with changes of sample concentration. Ana-
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lysis of these changes, measured at various temperatures, leads to the following results:
a. The entropy-stabilized peptide dimers are formed.
b. Within the temperature range 10-80°C the dimerisation equilibrium constants as well as association and dissociation rate constants have been determined. On this basis the thermodynamic and kinetic parameters of dimer
formation have been evaluated.
c. The dimer structure is, most likely, similar to the two-loop structures of native calcium binding proteins.
These results, shown in Poster [41], seem very interesting for the following
reasons:
a. Peptide K12 is the smallest protein fragment, known so far, that is able to
reproduce the tertiary structure of the original protein by free association in solution.
b. If the dimerisation is induced by coordination of Ln 3+ ions the ion binding
by the peptide must be a cooperative process. It can be easily proved using a
simple thermodynamic cycle. Therefore, our results have shown that the local
interactions between the loops are responsible, at least in part, for ion binding
cooperativity known for calmodulin and a few other proteins from troponin C superfamily.
c. Although the applied by us, line shape analysis of NMR spectral lines, is
commonly used to study intramolecular motions, to our best knowledge, intermolecular association of biological molecules has never been studied so far
using this method.
The postulated dimer structure is corroborated by fluorescence data presented in Poster [42]. Measurements of energy transfer between Tb 3+ and
Ho 3+ ions coordinated by dimer molecules make it possible to determine the distance between the both ions: 12 ± 1 A. In the two-loop structures of calmodulin this distance is almost the same: 11.9 and 11.5 A in the N-terminal and
C-terminal halfs of the protein, respectively.
Publications:
1. A. Bierzyhski, "Use of Calmodulin Fragments in Studies of Electrostatic Interactions in Proteins", the Ill-rd National Symposium on "Protein Structure and
Peptide Conformation", Karpacz, April 30 - May 3,1992..
2. J. Goral and A. Bierzyriski, "Use of Model Peptides for Studies of Mechanism
of Calcium Binding by Proteins from the Troponin C Family", the Ill-rd Natio-
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nal Symposium on "Protein Structure and Peptide Conformation", Karpacz,
April 30 - May 3, 1992.
3. J. Goral and A. Bierzynski, "Fluorescence of Tyrosine Residue in a Calcium
Binding Peptide", the IV-th National Symposium on "Protein Structure and
Peptide Conformation", Zaborow, April 29 - May 2, 1993.
4. J. Wojcik and A. Bierzynski, "NMR Studies of Peptide Association", the IV-th
National Symposium on "Protein Structure and Peptide Conformation", Zaborow, April 29 - May 2, 1993.
5. J.Wojcik, J.Goral, K.Pawtowski, and A.Bierzyhski, "Association of a Metal Cation Binding Peptide". Materials of the 11th International Biophysics Congress, Budapest, July 25-30, 1993. Materials of the 1-st Polish-Israeli
Symposium "Chemistry and Biology of Peptides", Gdansk, September 1-8,
1993.
6. J.Goral, K.Pawtowski, and A.Bierzynski, "Fluorescence of Tyrosine Residue in
a Calcium Binding Peptide". Materials of the 11th International Biophysics
Congress, Budapest, July 25-30, 1993. Materials of the 1-st Polish-Israeli
Symposium "Chemistry and Biology of Peptides", Gdansk, September 1-8,
1993.
7. K.Pawlowski, J.Goral, and A. Bierzynski, "Umbrella Sampling Molecular Dynamics Simulation of Tyrosine Conformer Population in a Calcium-Binding
Peptide", Materials of the International Workshop on "Peptide Conformation
and Metal Binding in Solution", Warszawa, September 12-16, 1994.
8. J.Wojcik, J.Goral, and A. Bierzynski, "Some Conformational Features of the
Isolated Calcium Binding Loop of Calmodulin", Materials of the International
Workshop on "Peptide Conformation and Metal Binding in Solution", Warszawa, September 12-16, 1994.
9. J.Wojcik, J.Goral, and A. Bierzyhski, "Dimerisation of Isolated Calcium Binding
Loops of Calmodulin" Sent for publication in Biochemistry.

Investigation of S100ao protein structure.
Andrzej Bierzynski
The structure of S100ao protein is not known. Nevertheless, it can be proved to be different from that of calmodulin, although the both proteins belong to
the same family and their sequences are highly homologous. The protein is
built of two identical, 93 amino acid residue long, subunits a. Close to its C ter-
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minus the subunit contains a segment of 12 amino acid residues arranged in a
typical pattern, characteristic for calcium binding loops. It is commonly accepted that ions are coordinated by this segment and that the subunit binds only
one ion, though some pieces of evidence have also been reported that the subunit can coordinate two ions.
I. Production of recombinant S100ao protein.
The gene of a subunit has been cloned under T7 phage RNA polymerase
promoter into pAED4 plasmid and introduced into Escherichia coli. The optimal
conditions for gene expression have been found and purification method of the
protein worked out.
We have achieved quite a high level of protein expression - about 60 mg/l of
culture. Unfortunately, for reasons not yet accounted for, three isoforms of the
protein are produced with similar yields. Only one of them has the expected molecular weight and ion binding properties.
This work is presented in Poster [43]
II. Investigations of Si00a o protein structure.
The elution volume of the protein from a superose chromatographic column
corresponds to molecular weight twice larger (about 40 kD) than that of protein
molecule (20,8 kD). With increase of calcium concentration in the buffer the elution volume increases up to the limit value of about 20 kD. It seems, then, that in
the apo form the protein is dimerised and dissociates when calcium ions are
bound.
We have also found that although at high protein concentration (above 20
/uM) the Trp90 fluorescence signal titrates with increasing Ln 3 + concentration in
the well known way, viz. it increases linearly and reaches a constant value for
the ratio y = [La3+]/[«subunit] > 1, at low protein concentrations (about 1//M)
the titration curve is shifted. Up to y=1 the fluorescence signal does not change
and then it increases linearly reaching a plateau at y > 2.
Therefore, apart of the well known C-terminal calcium binding site, situated
close to Trp90, there must be another ion binding site in a subunit, so distant
from the tryptophane residue that ion binding to this site does not affect Trp
fluorescence. The order of binding to both sites depends on protein concentration. This phenomenon can be attributed to protein association, suggested previously by chromatographic measurements. Apparently, protein dimer
dissociation is induced by ion binding to the N-terminal site but not to the C-terminal one. Consequently, at low protein concentrations, affinity of N-terminal site to ions increases, and the binding order to the N- and C-terminal sites is
reversed.
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The results of this work are presented in Poster [44].
Publications:
1. K. PawJowski and A. Bierzyriski, "Binding of Tb 3 + ions by S 100ao protein",
the IV-th National Symposium on "Protein Structure and Peptide Conformation", Zaborow, April 29 - May 2,1993.

Investigation of oxidative folding of CMTI-I protein.
Andrze] Bierzyhskl
CMTI-I is a member of a large group of trypsin inhibitors isolated form seeds
of plants from Cucubritaceae family. It is a very small protein containing only 29
amino acid residues. Its structure, known from X-ray crystallography and NMR
spectroscopy, is stabilized by three disulfide bridges. CMTI-I and proteins akin
to it rise a special interest because of their potential pharmacological applications.
The protein provides an excellent model for studies of protein folding process using the method worked out by Creighton and applied by him and his followers in their extensive studies of BPTI folding. The method is based on
monitoring formation of disulphide bonds during the oxidative folding process.
I. Investigation of CMTI-I folding.
So far the following results have been obtained:
a. It has been found that in the first step of oxidative folding a mixture of almost all possible one-disulfide intermediates is formed. Therefore, formation of
a first, single S-S bond is nearly a random process resulting in creation of not
only the native, but also many non-native, intermediates.
b. In the next step non-native bonds reorganize to native ones and the second, native bond, is formed.
c. The unique intermediate that accumulates during the folding process
contains two native S-S bonds linking cystein residues [10-22] and [16-28]. Formation of the last bond [3-20] is the rate limiting step of the folding process.
See Poster [45].
II. Production of recombinant CMTI-I protein.
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A synthetic gene of CMTI-I mutein Met8 -» Leu was linked in frame with a
sequence coding for a leader peptide directing the fused protein to inclusion
bodies. The fused gene was cloned into a derivative of pAED4 plasmid under
the promoter of T7 fage RNA polymerase. E. coli eels were transformed with
the plasmid. Leu8CMTI-l was recovered from inclusion bodies by CNBr cleavage of the fused protein and purified to homogeneity by reverse-phase HPLC.
The final yield of the product was about 4mg/l of culture.
Under the right conditions the mutated protein folds effectively into the native, biologically active form. It is interesting, though, that the folding mechanisms
of virgin and mutated protein are somewhat different. The observed differences
can be explaind assuming that the intermediate [10-22], [16-28] is thermodynamically less stable in the case of Met8 -» Leu CMTI I.
This work is presented in Poster [46],
Publications:
1.1. Jaroszewski and A. Bierzyriski, "Isolation of Disulfide Intermediates Formed
During CMTI-I Folding Process", the IV-th National Symposium on "Protein
Structure and Peptide Conformation", Zaborow, April 29 - May 2, 1993.
2. LJaroszewski and A.Bierzyriski, "Disulfide Intermediates in Folding of CMTI-I",
Materials of the 11th International Biophysics Congress, Budapest, July 2530, 1993. Materials of the 1-st Polish-Israeli Symposium "Chemistry and Biology of Peptides", Gdansk, September 1-8,1993.
3. A. Bierzynski, "What is Presently Known about Protein Folding ?" Materials of
the XXIXth Congress of the Polish Biochemical Society, Wroclaw, September 15-17, 1993.
4. LJaroszewski and A. Bierzynski, "Disulfide Intermediates in Folding of CMX!I", Materials of the International Workshop on "Peptide Conformation and
Metal Binding in Solution", Warszawa, September 12-16, 1994.

Modeling of proteins structure and function.
P.Zielenkiewicz
Globular proteins of certain biological function can be found in different
species. Sequences of proteins from different protein sources are homologous
but not identical. As the function and structure of the protein remains the same
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it has been assumed that important residues are conserved during evolution.
Statistical analysis of evolutional stability of eleven protein families was performed (at least one crystal structure being known for each family). It has been found that significantly conserved residues are the following: Cys, Gly, His, Pro
and Trp. The increased tendency for being conserved (although less pronounced than for the residues above) is shown by Asp, Phe, Tyr and Val. The distribution of the remaining residues is close to random. We explain the observed
tendencies by: involvement in enzymatic catalysis (Asp, His), forming disuiphide
bridges (Cys), metal ion binding (His), and formation of internal hydrophobic
clusters (Trp, Phe, Tyr, Val) and turns in protein structure (Gly, Pro).
The new standard values for residue solvent accessibilities in the unfolded
polypeptide chain have been calculated. The values are based on the high temperature 1 ns molecular dynamics calculations of Ala-X-Ala tripeptides. The
residue solvent accessibilities calculated in this way are significantly different
from the values commonly used in literature and represent a better approximation of the behaviour of the extended polypeptide chain.
The modes of nucleotide binding to an enzyme ribonuclease T1 was analysed by molecular modelling and energy minimization techniques. It has been
shown that the array of positive charges on the enzyme's surface can effectively
bind successive phosphate groups of RNA. It has been postulated (for experimental verification) that His 40 is a binding, rather than catalytic, acive site residue.
The frequencies of occurrence of all the different di, tri and tetrapeptides in
the superfamily set extracted from PIR database (provided kindly by S.White,
University of California, Irvine, USA) have been analysed and compared with the
statistically expected values. It has been shown that certain short sequences
occur abundantly in the database. Preliminary analysis suggests that these are
mainly loop-forming fragments. Comparison with the representative set of
known crystal protein structures shows, for example, that abundant PLPP sequence has the same conformation in five unrelated protein structures. Consequently, the end-to-end distance in the loops formed by this fragment is the same.
As loop construction is one of the major obstacles in modelling by homology
and protein design this result has a clear importance in these fields [48]
The sequence of VPg protein from potato virus Y (PVY), common strain, has
been compared with SWISSPROT database and homology with 9 proteins has
been found. It allows to postulate evolutionary important residues in the polypeptide chain. A novel prediction of the three-dimensional structure considering
similarity of the distribution of hydrophobic and hydrophilic residues has been
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introduced. On the basis of the structural data, using INSIGHT program and
energy minimization, the three-dimensional structure of VPG as well as the model of VPg linked to the fragment of RNA has been proposed. [49]
A new term related to hydrophobic interactions has been introduced to the
GROMOS force field. This will allow to simulate the role of hydrophobic effect in
the early stages of protein folding.
A docking simulation for 1728 x 1728 mutual orientations of lysozyme molecule has been performed. Analysis of the highest probabilities of self-association as obtained from these simulations with those realised in four different
crystal lattices of this protein will help understanding the protein crystallization
process. In the same line of research, Atomic Solvation Parameters have been
introduced into the MSEED (solvent accessibility calculation) algorithm which
wil! make it possible to analyze the free energies of association in protein crystals.
Publications:
1. Y.Georgalis, A.Zouni, P.Zielenkiewicz, J.F.Holzwarth, R.Clarke, U.Hahn, W.Saenger. (1992) Modes of mononucleotide binding to ribonuclease T1.
J.Biol.Chem. 267(15), 10323-10330.
2. P.Zielenkiewicz, W.Saenger. (1992) Residue solvent accessibilities in the unfolded polypeptide chain. Biophys.J.,63,1483-1486.
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Intramolecular Trp -• Tyr radical transformation
in cyclic peptides
K.Bobrowski and J.Poznahskl
The kinetics of intramolecular Trp -» Tyr radical transformation in aqueous
solution of cyclic peptides: -/.-Trp-L-Tyr- , -D-Trp-/.-Tyr- and -L-Trp-(Pro)2- LTyr-(Gly)2-, has been studied by pulse radiolysis over the temperature range of
288-328 K. The rate constants of the process were analyzed in terms of the Marcus theory of electron transfer and distributions of donor-acceptor distances
and overlap of molecular electron wave functions of the two arr matic rings. Molecular mechanics and molecular dynamics modeling of conformational properties of the peptides, including quantum mechanical calculations of the overlap
integrals for molecular orbitals of aromalic rings, demonstrated occurence of
conformers with van-der Waals contacts between the aromatic rings only in the
cyclic -/.-Trp-/.-Tyr- peptide. The best-fit rate constants calculated for representative sets of conformers proved close to those measured experimentally
for -/.-Trp-/.-Tyr- under assumption that electron transfer occurs predominantly
through space, while in the case of the other two cyclic peptides when the
through bond pathway was assumed.

CD investigations on conformation of H-X-(Pro)n-Y-OH
peptides (X = Trp, Tyr; Y = Tyr, Met);
models for intramolecular electron transfer.
K.LWierzchowski and K.Majcher
Conformation of three series of peptides: H-Trp-(Pro)n-Tyr-OH (n = 1-5), HTrp-(Pro)n-Met-OH (n = 1-3) and H-Tyr-(Pro)n-Met-OH (n = 1-3), used as models in studies on long range electron transfer through protein matrix, were
investigated by CD spectroscopy in aqueous solution at pH 5.2 in the temperature range of 10-90 °C. CD spectra of their component N- and C-terminal dipeptide and oligoproline fragments were also measured under similar conditions.
In interpretation of the spectra the cis < - > trans equilibrium about X-Pro
bonds was taken into account and CD spectra of Trp-Pro and Tyr-Pro chromo-67-
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phores in trans and cis configuration of the peptide bond were evaluated. The
spectra of n = 3-5 peptides from the first series and those with n = 2,3 from the
other two series exhibit a strong negative band in the 201-207 nm region, the
strength of which is proportional to the number of Pro residues in the (Pro)n
bridge, and characterized by a large temperature decrement. In view of close similarity between parameters of this band and the 206 nm band of aqueous oligoproline peptides (n > 3), known to attain left-handed 3io helical conformation
of the all-trans poly-L-proline II, this band was attributed to a conformation of the
latter type. The peptides containing only two Pro residues: H-Trp-(Pro)2-Met-OH
and H-Tyr-(Pro)2-Met-OH assume this conformation presumably by inclusion of
the C-terminal residue. H-Trp-(Pro)2-Tyr-OH does not form this conformation
due to sterical interaction between the two bulky aromatic side chains. Conclusions drawn from analysis of the CD spectra are supported by NMR data reported elsewhere (Poznahski et al., Biopolymers 33, 781,1993).

33

Modeling of long range electron transfer in
H-Trp-(Pro)n-Tyr-OH peptides
J.Poznahski
Earlier interpretations of kinetic data for intramolecular long range electron
transfer (LRET) between various redox centers separated by oligoproline bridges of different length were based on the assumption that this process involves tuneling of an electron through a network of covalent bond of the peptide
backbone. According to the Marcus theory of LRET, the rate of LRET should
then depend exponentially on separation distance between the redox centers.
However, it was shown that experimental pulse radiolysis rates of electron
transfer accompanying Trp' -• Tyr radical transformation in H-Trp-(Pro)n-TyrOH peptides do not conform satisfactorily to this model. A more detailed analysis of the mechanism of LRET in this system was thus attempted. On the basis
of conformational properties of the peptides, derived from NMR and CD experimental data and theoretical analysis (AMBER 3.0 molecular mechanics and molecular dynamics programs) of their conformational space, a number of LRET
models was developed. The best agreement between the experimental and calculated LRET rates was obtained for a model in which occurence of two parallel
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electron transfer pathways was assumed: (i) through bonds (TB) and through
space (TS), i.e. through direct van-der Waals contacts between the aromatic
rings, and dependence of the latter on mutual orientation of the rings approximated trigonometrically. This model was subsequently improved and generalized by inclusion of quantum mechanically calculated (MOPAC 6.0) overlap
integrals between atomic orbitals of the donor and acceptor moieties. It explains satisfactorily higher than expected for the TB model efficiency of LRET in
short-bridged peptide systems with bulky and rotating terminal redox centers.

Effect of extent and direction of promoter DNA bending
by An.Tn sequences on the gross-structure
and activity of the open transcriptional complex.
T.toziriski and K.L Wierzchowski
The influence of intrinsic curvature of DNA induced within a consensus-like
synthetic E.coli promoter by An.Tn sequences on its transcriptional activity in vivo and gross-structure in vitro (PAGE retardation) has been investigated. Previously we have shown (1991) that bending to the outside of the protein-DNA
interface (Tn trackt in the coding DNA strand) induced the largest decrease in
promoter activity and gel mobility of the open complex when was located in the
-35 region (T5[-38...-34]). In the present work, results of further experiments
along this line are reported with two groups of synthetic promoters bearing in
the non-coding DNA chain (i) A5 sequences in the spacer or upstream of the
-35 domain, expected to bend DNA to the inside of the RNAP-promoter interface, or (ii) Tn sequences of different length (3-8) including the T2[-35,-34] trackt
of the canonical hexamer. They demonstrate that (i) the A5[-41...-37] sequence
brings about a smaller decrease in the promoter activity than does the T5 sequence located in the same region, (ii) two A5 sequences in the spacer region
have similar effect as analogously located two T5 ones, and (iii) activity of promoters bearing Tn[-XX,-34] sequences attains a minimum at n = 4. These data
suggest (i,ii) that the direction of DNA bending has but a little effect on promoter
ativity and are incompatible with the postulated (A.Travers,1987) nucleosome-like model of the open transcriptional complex.
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Effect of AnTn DNA bending sequences within a
consensus-like E.coli promoter on kinetic and
thermodynamic parameters of transcription initiation.
I.Kolasa
Earlier studies of toziriski et al.(1991, [34]) have shown that DNA bending
by An.Tn tracts in the -35 region of a consensus-like E. coli promoter, irrespective of their bending direction (Tn located either in the coding or non-coding
DNA strand) cause a decrease in PAGE mobility of the open transcriptional
complex in vitro and in promoter strengh in vivo. In order to further elucidate
this effect kinetic (kf- rate constant of isomerization of the closed complex to
the open one) and termodynamic (KB- the equilibrium constant for the closed
complex) parameters of the complex formation are now measured for a number
of selected promoters bearing An.Tn sequences of different length (n= 3-8) immediately upstraem from the -35 region.
The data measured previously, by abortive initiation assay with use of radioactive H3UTP, for the control promoter a and the promoter b bearing four
Ts,6 trackts (in -35, -10 and in the spacer regions) indicated that bending of
DNA brings about a decrease in KB and an increase of kf. In view of low accuracy of this "discrete-time" method we turned now to a continuous fluorescencedetected abortive assay. In this assay, }'-(1-aminonaphtalene-5-sulfonate)-UTP
is hydrolyzed during abortive transcription to yield highiy fluorescent ANS-pyrophosphate which is continously quantified spectrophotometrically during the reaction.
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Changes in the DNA topology during transition between the
two open promoter complexes.
T.toziriski and W.J.Smagowicz.
Opening of the DNA template before initiation of transcription proceeds
through at least two intermadiate open promoter complexes. It was shown recently by T. Record and coworkers (1993) that conversion of the first complex,
PRo1, to the second one, PRo2, is the only step in /IPr promoter opening which
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requires Mg + 2 ions. We studied the Mg 2+ dependent promoter opening process using KMnO4 foot-printing for a series of variously bent by An.Tn trackts
synthetic consensus-like E.coli promoters complexed with cognate RNA polymerase. The results obtained show that (i) the size of single-stranded DNA region within the transcription bubble decreases from 15-18 bp to about 8 bp
during the PRo1 - PRo2 transition, (ii) promoter DNA is melted up to -12 position upstream from the transcription starting point in PRo1 (formed in the absence of Mg 2+ ) but only up to -5 position in PRo2, (iii) the start site (+2,-1-3) in
PRo2 proved more accessible to the footprinting agent than in the PRo1 by a
factor of about three, and (iv) bending of the DNA helix axis does not affect the
overall promoter melting pattern except the extent of strand separation during
the PRo1 -• PRo2 transition. The described changes in strand separation pattern during promoter opening are different from those observed for the AP, promoter, where the size of the melted region during the PRo1 -* PRo2 transition
increases and strand separation propagates from the center towards both ends
of the transcription bubble.

Expression in E.coli and S.cerevisiae
of the gene coding for serine proteinase inhibitor

:

t

Bozenna Rempota
Serine proteinase inhibitor, CPTI II, isolated from Cucurbita pepo is a small
(29 aa) cysteine-rich polypeptide of molecular mass 3260. Based on its known
aminoacid sequence and codon usage preferences in E. coli and in S. cerevisiae, chemical synthesis of the relevant oligonucleotides was planned and performed (pvof.W. Mavkiewicz, IChB PAN and dr W. Mandecki, Abbot
Laboratories). Respective genes coding for CPTI II were constructed and introduced into expression bacterial vectors pKK 223-3, pMW 172, plN-lll-ompA2
(secretion vector) and to yeast secretion vectors bearing the signal sequence of
the a-mating pheromone (pYSV5, pJK6) and of the killer toxin (pYET). The expression of CPTI II gene cloned in different expression systems was investigated. CPTI II was detected in the bacterial svstem, at relatively low concentration,
only when the respective gene was introduced in the secretion vector pIN-lll-
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ompA2. Maximal productivity - 0,8 mg of active protein per 1 I of culture - was
achieved in S. cerevisiae OL-1 strain transformed with pYET-CPTI II plasmid.
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Mechanisms of destabilization of the cellular membrane
exposed to a periodic electric field
Piotr Pawiowski
An external periodic electric field acting upon living cells generates various
kinds of mechanical stress in cellular structures, and in response to it, respective deformations. According to the developed theoretical analysis the magnitude
of stress in the membrane depends on localization of the considered membrane region in relation to electric field orientation: extensil stress reaching its maximum at cell's "poles", whereas maximal shear stress develops at the cellular
"equator".
The mechanism of deformation of the cellular membrane treated as the viscoelastic body endowed with mass was proposed and applied in analysis of
experiments in which electroporation (ep), electrodestruction (ed) and electrofusion (ef) of three different types of cells: Neurospora crassa, (ep, ed), mouse
myeloma, Tib9, (ep, ed) and human erythrocytes, (ef), were investigated.
All phenomena were strongly dependent on the electric field frequency. Susceptibility of all investigated membranes to destabilization reached its maximal
value at the frequency of 105Hz. It was proposed that this phenomenon results
from resonance oscillations of the susceptible structures and from the increase
in heat supplied to the system. Further experiments showed that the destruction
of the cellular membrane depends on time of electric field action at high frequency, as the model predicted. Rheological parameters for the cellular membranes of the above three types of cells were calculated. Then, the general
character of the model was postulated.
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Fluorescence of tyrosine residue in a calcium binding peptide
J. G6ral and A. Bierzynski
It is believed that fluorescence of tyrosine residue can be described in
terms of populations of its rotamers resulting from rotation of the phenol ring
about the Ca-C^bond. This model has been used to rationalize Tyr fluorescence kinetics of a 12-residue long peptide - an analog of the Illrd calcium binding
loop of calmodulin. The peptide sequence is: AC-DKDGDGYISAAE-NH2. All fluorescence decays of Tyr in the ion-saturated as well as the free peptide are nonmonoexponential but can be well described by a double-exponential function.
The lifetimes and the preexponential weighting factors (amplitudes) are (at 25
°C) : 1.7 ns (10 %), 0.6 ns (90 %) for La 3+ , and 1.8 ns (45 %), 0.9 ns (55 %) for
Ca 2+ ions. For Tb 3+ the amplitudes of boths components are the same as for
La 3+ but the shorter lifetime decreases (by approx. 20%) due to an energy
transfer from Tyr to Tb 3+ ion.
These results allowed us to assign the short-living component of Tyr fluorescence to a rotamer (or rotamers) with the most effective energy transfer and,
therefore, characterized by the shortest ion-tyrosine ring distance. The long-living component represents the other Tyr rotamer(s) with no or very low energy
transfer. The results show that the Tyr fluorescence quantum yield in the peptide decreases upon titration by terbium due to changes in the rotamer population rather than a consequence of the energy transfer and that the peptide
conformation is different in the calcium- and lanthanide-saturated form. Temperature dependence of the rotamer populations and lifetimes have been measured.

Conformation Modelling of a Metal Binding Peptide
Krzysztof Pawlowski and Andrzej Bierzynski
A calcium- and lanthanide-binding peptide - a synthetic analogue of the Illrd
calmodulin binding loop with the following sequence: Ac-DKDGDGYISAAENH2 - has been studied. This study was aimed at explaining experimental data
which show that populations of tyrosine rotamers are changed when calcium is
substituted by lanthanide ions.
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The modelling was performed using both standard molecular dynamics as
well as the umbrella sampling method, which allows exploring a range of conformations that are not significantly sampled during a conventional simulation.
Two systems were compared: a calcium- and terbium-bound peptide. The calculated free energy differences and rotamer populations compare well with the
experimental data obtained by fluorescence measurments (see neighbouring
poster [39]).
The mean distances between tyrosine ring center and the bound ion observed during the simulations for T b 3 + - saturated peptide are 5.6, 6.5 and 7.7 A
for the gauche +, trans and gauche - rotamers, respectively.
The results allow for identification of the experimentally observed rotamers.
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Some Conformational Features of
Isolated Calcium Binding Loop of Calmodulin.
Jacek W6jcik and Andrzej Bierzyriski
Dimerisation process of isolated calcium binding loops - analogues of the
Illrd binding loop of rat calmodulin has been studied in our laboratory. The
spontaneous dimerisation of the synthetic peptide Ac-D-K-D-G-D-G-Y-I-S-A-A-ENH2 (K12) saturated with lanthanide ions was detected by NMR.
The 1H NMR spectra of La3+-peptide complex reveal dynamic character.
They are strongly dependent on both, temperature and concentration. Analysis
of these spectra showed that formation and dissociation of the dimer are medium-rate processes on the NMR time scale of chemical shifts. Thermodynamic
parameters of the dimerisation were calculated and hydrophobic interactions
were shown to be a driving force of the process. The magnitude of the measured entropic effect is very close to that calculated for the model dimer created in
the computer, with the short anti-paralell/3-sheet between central residues, as in
the native protein. Formation of such a structure is strongly suggested by the
observed, dimerisation induced, downfield shifts of amide proton signals of
three residues. The postulated dimer structure is also supported by fluorescence data (see poster [42]).
K12 peptide has been also studied in the metal free form. In its ROESY
spectra, several non-trivial crosspeaks are present. Among them, there is a
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crosspeak between the side chains of Lys2 and Glu12 although both residues
are located at the opposite ends of the peptide chain. The crosspeaks revealing
close contacts between Tyr7 side chain and both, Lys2 and Glu12 side chains
have also been found. Moreover, 1-D 1H NMR spectra of the peptide have dynamic, temperature-dependent character. Signals corresponding to the /3-protons
of the tyrosine residue appeared at room temperature as an averaged broad
signal that clearly shows that conformational space occupied by the peptide is
far from that expected for random coil distribution, The presence of the relatively
stable structures in the apo form of the peptide may influence considerably peptide affinity to metal ions.

Distance between metal-binding sites
in calmodulin-related peptides:
energy transfer from bound terbium to holmium
J. G6ral and A. Bierzyhski
Distances between metal ions bound to peptides - analogs of the Illrd calcium binding loop of calmodulin were determined from Forster-type energy
transfer between Tb 3+ as a donor and Ho 3+ as an acceptor. The peptide sequences are: Ac-DKDGDGYISAAE-NH2 (K12) and [Ac-DKDGDGYCSAAE-NH2]2
([PC8]2). Lanthanide ion-saturated K12 dimerizes at high concentrations or in
the course of freezing off from its aqueous solution. PC8 is the Ile8 -» Cys mutant of K12 and the proximity of two bound ions is forced by the cysteine bridge. Tb 3+ luminescence lifetime has been measured in the peptide solutions
at the different holmium-to-terbium ratio and constant total ions concentration
(i.e. [peptide] : ((terbium) + [holmium]) = 1). Solutions were frozen to - 2 2 ° C
to avoid dissociation of the peptide-ion complexes. For both peptides the lifetime drops linearly with increasing Ho 3+ /Tb 3+ ratio indicating close proximity of
both ions in the dimers. Calculated ion-ion distances are : 14±2 A for [PC8]2
and 12.0+0.8 A for K12 dimer. In the crystal structure of calmodulin Ca 2+ ions
in the N-terminal pair of adjacent binding loops are 11.9 A apart and in the Cterminal pair the separation is 11.5 A. Therefore, the distance for K12 dimer is
almost equal to those found in calmodulin. This result supports the assumption
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that the structure of the dimer formed by the isolated loops is not very much different from the two-loop structures in the whole protein.
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Synthesis and purification of S100ao protein.
Krystyna Bolewska, Grazyna Goch, and Andrzej Bierzyhski
S100 proteins belong to the family of calcium binding, EF-hand proteins.
They have been observed intra- and extracellularly and have been postulated to
be involved in cell cycle progression, differentiation, and other processes. Their
biological function have not been fully elucidated.
S100ao protein is built of two identical, 93 amino acid residues long, subunits a linked together by a disulphide bond between cysteine residues situated at position 85.
A synthetic gene coding for a subunit of bovine S100ao protein has been
constructed and expressed in E.coli using pAED4 plasmio. The recombinant
S100ao has been isolated from crude extract of the cell lysate by Phenyl-Sepharose chromatography. SDS-electrophoretic analysis of the material showed one
band.
Further purification by reverse phase HPLC of the isolated protein showed
its heterogeneity. Three different species of a subunit are produced in bacteria
forming three different isoforms of S100ao protein. Purified a subunits were analyzed by mass spectrometry and limited amino acid sequencing.
Molecular weights of two species, measured by MALDI TOF spectrometry,
are the same: 10520±10Da and close to the theoretical value of 10520Da. Molecular weight of the third species is higher by 75±Da.
Sequence analysis of the first 28 residues of the three a subunits showed
that in all of them the amino acid sequence is correct in this region.
Acknowledgments: This work was supported by KBN grant 4111789101
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Fluorescence and gel filtration studies
of ion binding to S1 OOao protein.
Grazyna Goch, Jakub G6ral and Andrzej Bierzynski
S100ao protein is a member of the troponin C superfamily of calcium binding proteins. It is known that in aerobic conditions the protein molecules exist
as dimers of 93 amino acid long, 10.4 kDa a subunits linked together by a single disulfide bond between Cys85 residues. Residues 62-73 show the sequence pattern characteristic for calcium binding loops and are believed to ligate
Ca
as well as lanthanide ions. Si00a o undergoes conformational changes
upon binding of metal ions, as revealed by fluorescence increase of its Trp90
residue.
Our results of gel filtration on a Superose 12 column suggest that protein
molecules, when in the apo state, form dimers. The retention time of S100ao
corresponds to molecular weight of about 41 kDa, twice larger than that of the
monomer. With increase of calcium concentration in the buffer the retention volume increses to the limit value corresponding to the mass of the monomer. Apparently, dimer dissociation is induced by ion binding.
We have also found that Trp fluorescence titrates with increasing concentration of La 34 ions in drastically different way at high (20 »M) and low (2//M)
protein concentrations. At high concentrations the results are the same as reported in the literature and are consistent with the presence of one binding site
per protein subunit: the fluorescence signal increases linearly and reaches a
constant value for •,• = [La 3 ']/lS100a 0 ] > 2. At low protein concentration no
changes in fluorescence intensity are observed up to y = 2 and then the signal
increases linearly reaching plateau at y > 4.
These results must be interpreted as follows. There are two lanthanide binding sites per a subunit. Trp fluorescence monitors ion binding to one of them
but not to the other. Relative affinity of both sites to Ln 3+ ions depend on protein concentration.
The last conclusion can be rationalised assuming that indeed, as suggested by gel filtration, the protein molecules are dimerised and that their dissociation is induced by ion binding to that site which occupancy is not monitored
by Trp fluorescence.
The presence of at least two binding sites in a subunit is also corroborated
by measurements of luminescence lifetimes of Tb 3+ ions bound to S100ao protein.
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Disulfide intermediates in folding of CMTI-I.
tukasz Jaroszewski and Andrzej Bierzynski
CMTI-I, a trypsin inhibitor from squash, consists of 29 residues crosslinked
by 3 disulfide bridges connecting cysteins [3-20], [10-22], and [16-28]. The protein, fully reduced with DTT, refolds completely under aerobic conditions (0.1M
Tris-HCI, pH 8.7, 0.2M KCI, 1mM EDTA). As many as 15 folding intermediates
have been separated by reverse phase HPLC which indicates that some nonnative disulfides are transiently formed. The most populated intermediate has
been identified as containing two native disulfides [10-22] and [16-28]. Formation of disulfide [3-20] is the last step of the protein folding. The main folding intermediate is an energetically stable form of the protein when residues Cys3
and Cys20 are blocked with iodoacetamide. As reported by Le-Nguyen et. al.
(Protein Science 2 (1993) 165), an analogous intermediate is formed during oxidation of EETI-II - the protein homologous to CMTI-I - although early steps of folding are quite different for CMTI-I and EETI-II.
Acknowledgments: This work was supported by KBN grant 4111789101.
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Expression of the chemically synthesized gene for serine
proteinase inhibitor in E. coli.
Krystyna Bolewska, tukasz Jaroszewski and Andrzej Bierzynski
A synthetic gene coding for Met8 -» Leu-CMTI-I - the 29-amino-acid analog
of serine proteinase inhibitor from squash {Cucurbita maxima) has been constructed and expressed in Escherichia coli under the T7 phage RNA polymerase promoter using a derivative of pAED4 plasmid. The gene was fused in frame
to a sequence coding for a leader peptide that accumulates the fused protein
as inclusion bodies. The protein was released by cyanogen bromide cleavage
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of the peptide bond following the Met residue at position -1. The yield of oxidative refolding of the inhibitor (in 10 mM GSSG) was more than 80%. The folded
form of the inhibitor was purified on HPLC. The final yield was estimated as 4mg
per 11 of culture. The molecular mass of the protein (MALDI TOF mass spectrometry) was 3257, in excellent agreement with the calculated value. The trypsin
inhibitory activity of the refolded recombinant was similar to that of the natural
CMTI-I, though somewhat lower. The striking feature of this analog is that the
pathway of its refolding differs from that of virgin CMTI-I. The method was adopted, with some modifications, from (Dadlez, M. and Kim, P.S. (1994) (in preparation)).
Acknowledgements: This work was supported by KBN grant 4111789101.

Missing native-like intermediate detected on the folding
pathway of bovine pancreatic trypsin inhibitor (BPTI).
Michat Dadlez and Peter S. Kim*
* Whitehead Institute, Howard Hughes Medical Institute, M. I. T., Cambridge, USA

The three-dimensional structure of proteins, necessary for their biological
activity, is formed in the process of folding. Elucidation of the folding pathways
of proteins would allow to link their sequence to the final structure. The folding
pathway of the bovine pancreatic trypsin inhibitor (BPTI) is the most thoroughly
studied. Previous studies showed that the majority of intermediates have nativelike structure. We have detected the new native-like intermediate state important
for folding of this protein, which had been missed during previous studies. We
could also show that the conformational preferences for formation of native
structure appear very early during folding, and allow for efficient transition from
unfolded to folded form of this protein.
Presented studies have been carried out in the Whitehead Institute for Biomedical Research in Cambridge, USA.
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Abundant PXPP sequences have the same
loop conformation in proteins.
P.Zielenkiewicz, D.Ptochocka
Analysis of the frequency of occurrence of different tetrapeptides in the superfamily set extracted from PIR database revealed that certain short sequences occur more frequently than statistically expected. One of such sequences
PLPP occurs in five non - homologous proteins for which good resolution crystal
structure is known. The conformation of PLPP fragment is almost identical in the
five proteins with all pralines adopting trans conformation. The end-to-end loop
distances are very close, which makes our finding an important factor in modelling by homology and construction of new proteins having desired properties.
It is noteworthy that several other PXPP fragments have very similar conformations and that these are different from energetically most favourable conformations of PXPP as studied by molecular dynamics and energy minimization.
Detailed analysis of other 52 tetrapeptides, for which the expected values of
occurrence differ from those found in the database by more than 10 a, is in progress.
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Three dimensional model of the potyviral
genome-linked (VPg) protein
D.Ptochocka, M. WeJnicki.

The sequence of VPg protein from potato virus Y (PVY), common strain, has
been compared with SWISSPROT databank and homology with 9 proteins has
been found. It allows to postulate evolutionary important residues in the polypeptide chain.
Because there has been no sequence homology with proteins from PDB
databank we have decided to introduce a novel prediction of the three-dimensional structure considering similarity of the distribution of hydrophobic and hydrophilic residues. That distribution for VPg protein is similar to the one for
cytoplasmic malate dehydrogenase of known molecular structure. On the basis
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of the structural data, using INSIGHT program and energy minimization the
three-dimensional structure of VPg has been proposed.
It has been established for the poliovirus genome that VPg molecule is linked to the viral RNA via O4-(5'-Uridylyl) tyrosine bond. That tyrosine occurs solvent accessible in our model and is located in the place analogous to the active
site of malate dehydrogenase. Taking these data into account the model of VPg
protein bound to the 11 -nucleotides fragment of RNA has been proposed.

Department of
Molecular Biology

DNA repair, mutagenesis and genes expression
Celina Janion
The majority of our studies is centered on: (i) mechanism of mutagenesis induced by the alkylating agents in Escherichia coli; (ii) influence of DNA mismatch repair (MR) and UmuDC proteins on the specicifity and level of
mutations; (iii) repair of the premutagenic lesions (apurinic sites) after methyl
methanesulfonate (MMS) treatment; (iv) mutagenesis induced by 8-oxyguanine
and by imidazole ring opened forms of methylated purines.
Investigation of mutation specificity was based on analysis of the suppressor tRNAs arising in argE3 -» Arg+ revertants (1,2) or on M13mp18 phage DNA
sequencing. DNA repair, by gel electrophoresis of plasmid DNA isolated from
bacteria and subdued to Fpg or endonuclease III treatment ; or by comparing
the level and specificity of mutations in bacteria proficient and deficient in the
repair system.
Our studies on ethylmethane sultanate (EMS) mutagenesis have shown
that its mutagenic specificity is mismatch repair (MR) dependent. In MR-proficient strains, EMS induces predominantly GC -+ AT transitions; in MR-deficient
{mats') strain, induces predominantly AT -> TA transversions. That unexpected
specificity is umuDC dependent, and in mutS'umuC'cells, mutational specificity
of EMS again is biased towards GC -• AT transitions. When mutS'umuC or
mutS'umuD' strains were transformed with plasmids pSE117 or GW2123, coding for UmuDC or processed UmuD'C proteins, respectively; the fraction of AT
-» TA transversions increases significantly. Surprisingly, the increase in AT-*
TA transversions was more evident, when the cells were transformed with plasmid bearing nonprocessed, than processed UmuD. Furthermore, in mutS cells
treated with EMS, there was a negligible expression of recA and a high expresion of umuDC genes, which suggests that processing of UmuD in mutS cells
may be impaired. [50] Summing up, these results led us to conclusion that non-83-

processed UmuD, aside of processed UmuD', may play some role in mutagenesis. Mutagenesis is a highly dynamic process. The repair enzymes may influence not only the level but also specificity of the mutations. MR system may
influence the specificity of mutations not only by repair of the premutagenic lesions but MutS protein, by attaching to the mismatches not repairable by MR
system, may protect them from repair by the specific enzymes (6).
Our studies on MMS-induced mutagenesis have revealed that in MMS-treated E.coli cells, there is a great correlation between the MMS-induced AT -»
TA transversions and umuD'C-expressions. Furthermore, we shown that MMS
induces, sensitive to Fpg and to endonuclease III, apurinic sites which are then
repaired. The repair processes are easy to observe in the non-dividing (starved)
cells; in consequence, there is a decrease in the level of mutations (MFD effect).
Repair of the apurinic sites, occuring during starvation of the cells, are most
probably result of the RecA-mediated recombination and/or induced (or constitutive) stable DNA replication (iSDR, or cSDR;(7)[51]).
Analysis of pDNA, isolated from MMS-treated AB1157 and AB1157 dnaQ49
strains, indicates that repair of apurinic sites in plasmid DNA requires UmuD'
protein. It can be assumed that UmuD1 protein may play some role in RecA-mediated recombination, and/or in i (c)SDR processes [51].
Much attention is attracted to formation of the 8-oxyguanine in DNA, and to
mutagenicity of the purines with opened imidazole rings (Fapy compounds).
8ohG is a main, endogenously oxidated form of purine and a source of spontaneous mutations in the organisms. We are attempted to find an easy test to estimate the level of 8ohG in DNA and the influence of enzymes involved in
metabolism of 8ohG derivatives on pDNA structure [52]. Our primary investigations on Fapy derivatives indicate, that under SOS conditions, Fapy residues
arising from 7me-Guanine in methylated Mi3pm18 phage DNA, were sources
of the GC -» TA(or CG) transversions and suggest, that Fapy-adenine arising
from 7meA was a source of AT -» GC transitions (8) [53],
Working on effect of the heat shock on gene expressions, it was interesting
to find that expression of /J-galactoside from the lac operon was greatly suppressed when, immidiately before lacZ induction, the cells were heat-shocked
at 50°C. This effect, however, was not due to overproduction of the heat shock
proteins (as it was tested with pDS2 plasmid overproducing sigma32), but rather due to a short exposing to temperature 50°C itself. Most probably, it reflects
the sensitivity of CRP protein and/or cAMP-CRP\promoter complex to that temperature (4).
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We are also interest in searching for inhibitors of 3meA DNA glycosylases
(TagA, AlkA proteins). It was found that 3-ethyl-, 3-propyl- and 3-butyl- adenines
are efficient inhibitors of Tag, but not Alk protein [54].
Publications:
1. Sledziewska-Gojska E., E.Grzesiuk, A.Ptachta, C.Janion (1992) Mutagenesis
in E.coli; a method for determining mutagenic specificity by analysis of
tRNA suppressors, Mutagenesis, 7, 41-46
2. Plachta A., Janion C. Is the tRNA ochre suppressor supX derived from glfXl
Acta Biochem.Polon. 39:265-269 (1992).
3. Janion C. (1992) UvrABC-endonuclease, Adv.Biochem. 38, 59-64.
4. Fabisiewicz A., C. Janion (1992) Effect of heat shock on expression of proteins not involved in the heat-shock regulon, Eur.J.Biochem., 209, 549-553.
5. Grzesiuk E. (1992) SOS system: mutagenic response on DNA damage.
Adv.Biochem. 38, 59-64.
6. Grzesiuk E., Janion C. Some aspects of EMS-induced mutagenesis in Escherichia co//, Mutation Res. 297: 313-321 (1993).
7. Grzesiuk E., C.Janion (1994) The frequency of MMS-induced, umuDC-tiependent, mutations declines during starvation in Escherichia coli.
Mol.Gen.Genet. in press.
8. Tudek B., Boiteux S. and Laval.J. Biological properties of imidazole ring-opened N7-methylguanine in M13mp18 phage DNA, Nucl.Acids Res. 20: 30793084(1992).
9. Tudek B., Laval J. and Boiteux S. SOS-independent mutagenesis in lacZ induced by methylene blue plus visible light, Mol.Gen.Genet. 236: 433-439
(1993).
10. Tudek B. Oxidation of purines - the origin of spontaneous mutations,
Adv.Biochem. 39: 91-99 (1993).
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Mechanisms of UV-induced mutagenesis:
(a) a possible mechanism of switching off SOS system;
(b) role of UmuD and C proteins in UV-induced
mutagenesis of Asus08 phage under conditions
nonpermissive for DNA replication.
Irena Pietrzykowska
(a) We continued the studies on the role of the mutation isfA (inhibition of
SOS functions formely sjbA mutation) in SOS-dependent mutagenesis. Previously we have shown that the isfA mutation inhibits several SOS-controlled fenomena and renders antimutator character to E.coli cells (1). It inhibits
mutagenesis in UV-induced cells as well as in the mutator strains recA730 and
/•ecA7307exA51 (Def) constitutively expressing RecA coprotease activity. This
suggests that the isfA mutation may affect RecA coprotease activity. To verify
this hypothesis we studied the effect of overproduction of UmuD and UmuC
proteins on the restauration of mutability in recA730isfA mutants. Introduction of
plasmids overproducing UmuD' or UmuD'C, but not UmuDC proteins, restored
the mutability of recAisfA strain. This findings indicate that antimutagenic effect
of isfA mutation may be related to inhibition of RecA coprotease-dependent processing of UmuD to UmuD'. Immunobloting analysis with antibodies against
UmuD and UmuD' proteins, have confirmed that in recA730isfA and in reC/A730/exA51 isfA cells processing of UmuD to UmuD' is inhibited. [55]
We found also that overproduction of UmuD' but not UmuD'C or UmuDC
proteins increases survival of UV-inactivated E.coli cells deficient in excision repair.
To learn more about the effect of isfA mutation on the mutagenic process
we have studied mutagenesis induced by two alkylating agents: MMS which is
dependent on the SOS functions and EMS which is SOS independent. The isfA
mutation reduces frequency of mutation induced by MMS but not by EMS, indicating that the isfA mutation affects only SOS-dependent mutagenic process.
Complementation analysis with 5 clones from A phage Kohara bank covering the region HvE to metE have shown that: the isfA mutation is situated upstream to uvrD gene and may be complemented in cis but not in trans. This
suggests that isfA mutation may be dominant to the wild type allele.
(b) We have resumed studies on the mechanism of UV-induced mutagenesis of AsusOB phage under restrictive conditions for phage DNA replication. Ac-
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cording to commonly accepted hypothesis UV-induced mutations are formed
during damaged DNA replication, which is SOS dependent.
We have previously shown that in AsusOQ phage, UV-induced mutations
may be generated in su' host cells in which replication of phage DNA does not
occur. This indicated that UV-induced mutagenic process may be independent
of DNA replication. We shown that this process requires the SOS functions and
UmuD and C proteins. Resuming the studies, we have examined the effect of
overproduction of UmuDC, UmuD'C, and UmuD' proteins on the process of UVinduced mutagenesis in XsusOB phage under conditions restrictive for DNA replication. Using multicopy plasmids overproducing each of these proteins we
have observed that proteins UmuD and C have a crucial role in UV-induced mutagenesis independent of DNA replication. Studies with plasmids overproducing either UmuD' or UmuD'C, indicate that UmuD' protein efficiently enhances
frequency of mutation.
For further studies on the role of protein UmuD' in UV-induced mutagenesis
independent on DNA replication umuDC genes deletion mutants of E.coli su
and su+ strains were constructed.
It appeared that under conditions permissive for phage DNA replication, in
+
su cells deletion of tvmuDC genes do not affect the efficiency of UV-induced
mutagenesis. Experiments with E.coli 594 AumuDCsu' are under way. [56]
Publications'.
1. Be.benek A., Pietrzykowska I., A new mutation in Escherichia coli K12 isfA
which is responsible for inhibition of SOS functions - submited to
Mol.Gen.Genet.
2. Pietrzykowska I., Molecular Genetics-Encyclopedia NEP, PWN, in pres.

Chemical basis of mutagenic action of vinyl chloride
Jarostaw T. Ku&mierek
Vinyl chloride (VC), an industrial chemical, is a known human carcinogen.
Its metabolites, chloroethylene oxide (CEO) and chloroacetaldehyde (CAA), react with bases in DNA to form etheno adducts, and they are mutagenic in various systems. The mutagenic and carcinogenic properties of VC and its
metabolites as well as formation, miscoding properties and repair of etheno ad-87-

ducts are reviewed in (6). During last three years we continued studies on reaction of C M with nucleobases and on miscoding of adducts. We started also
studies on CAA-induced mutagenesis and repair in bacterial systems and we
participated in studies on repair of etheno adducts in mammalian cells conducted in other laboratories. We have shown that the ratio of 1,N2- and N2,3-ethenoguanine (1,N2eG and N2,3eG), two guanine adducts formed in reaction with
CAA, depends on strandeness of DNA. In the in vitro reaction of CAA with dsDNA, 1,N2eG was formed as a minor product in comparison to N2,3eG and other
etheno adducts (1). In contrast to the other etheno adducts, 1,N2cG was not detected with the aid of specific monoclonal antibodies in G 12 cells exposed to
CAA (3). We have previosly shown that N2,3eG miscode for G and A (and partially for U) when present in poly C templates in reverse transcriptase and E.coli
RNA polymerase systems. In contrast, this adduct present in poly (A) templates
miscode only for A in both copying systems (4). The isomeric 1,N cG present in
poly C blocks the copying of template by RNA polymerase to much higher extent than N2,3fG and it shows ambiguous miscoding (A. Bukowska, MSc thesis).
In our studies on CAA-induced mutagenesis in E. coli we have shown that
the mutagenic specifity of this VC metabolite is very similar to the specifity of
CEO, another VC metabolite. The predominant CAA-induced mutations were
GC •* AT transitions (65 %) followed by AT -* TA transversions (12 %). The induction of the adaptative response to alkylating agents in bacterial cells significantly decreased the frequency of GC -• AT mutations in CAA-treated E. coli
and replicative dsDNA form of M13 glyU phage. Since this phenomenon was alkA dependent we concluded that CAA adducts to guanine and / or cytosine were excised by 3-methyladenine-DNA glycosylase II, an enzyme which is
encoded by alkA and which is a part of adaptive response system (5). The additional experiments with ssDNA glyU phage have shown that CAA adducts to cytosine, the initially formed hydroxyethanocytosine and product of its
dehydration, ethenocytosine, provoque C -» T transitions and are repaired in
adapted bacteria (7) [57]. Our studies indicate that the specificity of bacterial
glycosylase is similar to analogous human glycosylase which also excises VC
adducts (2)
Publications:
1*. Kusmierek J.T. and Singer B. (1992) 1,N2-ethenodeoxyguanosine: properties and formation in chloroacetaldehyde-treated polynucleotides and DNA.
Chem. Res. Toxicol. 5, 634-638.
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2*. Singer B., Antoccia A., Basu A.K., Dosanjh M.K., Fraenkel-Conrat H., Gallangher P.E., Kuśmierek J.T., Qui Z.H. and Rydberg B. (1992) Both purified
human i,N6'ethenoadenine binding protein and 3- methyladenine-DNA glycosylase act on 1,N6-ethenoadenine and 3- methyladenine. Proc. Natl.
Acad. Sei. USA, 89, 9386-9390.
3\ Foiles P.G., Miglietta L.M., Niskihawa A., Kuśmierek J.T., Singer B., Chung
F.L (1993) Development of monoclonal antibodies specific for 1,N2-ethenodeoxyguanosine and N2,3-ethenodeoxyguanosine and their use for quantitation of adducts in G12 cells exposed to chloroacetaldehyde.
Carcinogenesis, 14, 113-116.
4. Mroczkowska M.M. and Kuśmierek J.T. (1993) The effect of neighboring bases on miscoding properties of N2,3-ethenoguanine. Z. Naturforsch. 48c,
63-67.
5. Mroczkowska M.M., Kolasa I.K. and KuśmNok J.T, ( 1993) Chloro-acetaldehyde-induced mutagenesis in E. coli: specificity o* mutations and modulation
by induction of the adaptive response to alkylating agents. Mutagenesis, 8,
341-348.
6. Mroczkowska-Słupska M.M. i Kuśmierek J.T. (1994) Molekularne podstawy
mutagennego działania chlorku winylu. Posfępy Biochemii, 40, 31-39.
7. Borys E„ Mroczkowska-Słupska M.M. i Kuśmierek J.T. (1994) The induction
of adaptive response to alkylating agents in Escherichia coli reduces the
frequency of specific C -> T mutations in chloroacetaldehyde-treated M13
glyLl phage. Mutagenesis, 9, 407-410
'works performed in cooperation with scientific institutions other than Institute of Biochemistry and
Biophysics, PAS.

Thiopyrimidine Nucleoside Analogues
with Antimetabolic Properties
Tadeusz Kulikowski
Thiopyrimidine nucleoside analogues constitute important class of compounds with antimetabolic (antitumor and antiviral) properties. Recently it was
shown that 5-fluoro-2-thio-2'-deoxyuridine (FS2dUrd) is a potent inhibitor of the
proliferation of murine L5178Y cells (1). This prompted us to synthesize other-
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new thiated pyrimidine nucleotide and nucleoside analogues as potential thymidylate synthase (TS) inhibitors and antitumor agents.
Convenient and high-yield regioselective thiation procedures based on the
use of the Lawesson reagent in different solvents were worked out for conversion of the 2-, and 4-keto, and 2,4-diketo pyrimidines to the corresponding 2(4)thio, and 2,4-dithio, derivatives. This method is applicable to thiation of the
4-keto groups of 5,6-dihydropyrimidinones and pyrimidine nucleosides. The
mild reaction conditions employed are such that it is the method of choice for
compounds with labile glycosidic bonds, such as 5,6-dihydropyrimidine nucleosides and the 2',3'-dideoxynucleosides currently of interest as antiretroviral, including anti-HIV agents. This method is also applicable to thiation of the 2-keto
group of cytosines (1,2) , and 4-keto group of isocytosines (1) as well as to thiation of ketopurines (3).
FS2dUrd and its a-anomer obtained by condensation of the di-TMS derivative of 5-fluoro-2-thiouracil with toluylated 2'-deoxy-a-D-ribofuranosyl chloride
(dRibCI) were selectively converted to the corresponding 5'-monophosphates
with the aid of the wheat shoot phosphotransferase system (2). Conformations
of the above nucleosides were deduced from 'H NMR spectra. Pseudorotational analysis, based on measurements of J3',4' pointed to enhanced stabilization
of the S form of the pentose ring of the a-anomers, with no significant change in
conformation on CH2OH. In the case of the )3-anomers the form S (2'-endo)
was only slightly favored over the form N (3'-endo) (2). /}-FS2dUMP proved to
be a potent competitive, slow-binding inhibitor (Ki 10'8M) of the purified enzymes from Ehrlich ascites carcinoma (EAC) and murine leukemia L1210 cells,
while7-FS2dUMP was a weak inhibitor (2).
To determine how 5-fluoro-dUMP (FdUMP) modifications may affect its specifity, FS2dUMP and 5-fluoro-4-thio-dUMP (FS4dUMP) were compared as inhibitors of thymidylate synthases isolated from parental and FdUrd-resistant L1210
cells, human and rat colon adenocarcinomas, regenerating rat liver and the
tapeworm Hymenolepis diminuta. Two above mentioned thiated nucleotides differed in sensitivity to time- and N5,N10-methylenetetrahydrofolate- dependent
inactivation by FdUMP (Ki values ranging from 10"9to 10'7M). Inactivation by
FS2dUMP, relative to FdUMP, was 5-20 fold weaker, with specificity for inactivation of different thymidylate synthases paralleling that of FdUMP. By contrast
FS4dUMP showed very different specificity, being as potent an inactivator for
some enzymes as FdUMP, but 45-85-fold weaker for others. The results suggest that an interplay between substituents at C(4) and C(5) of pyrimidine ring
may affect the specificity of thymidylate synthase inactivation (4,5) (collabora-90-

tion with the Institute of Experimental Biology P.A.S.,Warsaw). Perspective of extension of this class of compounds to 2-thiocytosine analogues [59]prompted
us to synthesize 2-thiocytosine (S2Cyt) and 5-fluoro-2-thiocytosine (FS2Cyt) and
to investigate their infrared spectra isolated in inert gas matrices and in thin polycrystalline films. The spectra of amino-thiol tautomeric forms of the above
compounds were obtained for matrix isolated species, whereas the spectra of
amino-thione tautomeric forms were observed in polycrystalline films (6). The
experimental spectra were compared with the spectra predicted with the ab initio SCF/6-31G method (7) (collaboration with the Instituteof Physics P.A.S., Warsaw).
Two pathways were worked out for the synthesis of ribo- and 2'-deoxyribov,'. 'eosides of S2Cyt and FS2Cyt: (a) by nucleoside condensation, (b) by amination of the corresponding nucleosides of 2,4-dithiouracil. These procedures
furnished (i- and a-2-thio-2'-deoxycytidines, the fi- and a-5-fluoro-2-thio-2'-deoxycytidines and y3-5-fluoro-2-thiocytidine. /3-anomers of above nucleosides
were tested for antitumor activity vs L5178Y and 3T3 cells. /3-5-fluoro-2-thiocytosine nucleosides exhibited marked activity, with CD50 values of 10'7M. /?-2'Deoxynucleosides were also reasonable substrates for human leukemic spleen
deoxycytidine kinase, with consequent inhibitory properties [58], [64].
Four methods were used for the synthesis of 5-chlorouracil (CIS2Ura), starting compound for the preparation of another thiated nucleosides, /S- and ct-5chloro-2-thio-2'-deoxyuridines (CIS2dUrd), reaction of 2,5-dichloro-4-hydroxypyrimidine with thiourea being the most effective. Above mentioned nucleosides
were obtained with the aid of TiCU catalysed condensation of di-TMS derivative
of CIS2Ura with ToldRibCI. Selective enzymatic phosphorylation of the /J-anomer of CIS2dUrd led to its 5'-monophosphate (CIS2dUMP), the latter being a
moderate inhibitor of thymidylate synthase, while parent nucleoside showed
moderate cytotoxicity against L5178Y cells [59].
FS2dUrd and FS4dUrd constitute a class of antitumor nucleosides with enhanced acidities of aglycons due to dissociation of the pyrimidine N(3)-H. The
foregoing prompted the synthesis of 2,4-dithio- and 2,4-dithio-5-fluoro-2'-deoxyuridines. Since 2,4-dithio-dUrd and its 5-fluoro analogue are not accessible
by direct thiation, S2dUrd and FS2dUrd were used as starting compouds. They
were acetylated with AC20-DMAP, and 3',5'-di-O-acetyl derivatives were thiated
with Lawesson reagent in 1,4-dioxane to give after deblocking 2,4-dithio-and 5fluoro-2,4-dithio-2'-deoxyuridine. Both nucleosides exhibited cytotoxicity vs
L5178Y cells with CD50 values of 2 x10'5and 2 x 10'6M respectively [60] and after selective phosphorylation with wheat shoot phosphotransferase showed
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weak activity as substrates or inhibtors of TS [61] (collaboration with Institute of
Experimental Biology P.A.S.,Warsaw).
2',3'-Dideoxy-3'-fluorothymidine (FLT) is one of the most potent in vitro inhibitors of HIV and its reverse transcriptase, but exhibits marked cytotoxicity. To
decrease the cellular toxicity we prepared 5-hydroxymethyl derivatives of AZT
and FLT. These compounds exerted lower cytotoxicity than FLT but activity against HIV was also decreased (8). On the other hand it was known that 4-thio derivative of FLT exhibits an enhanced therapeutic index in MT-4 cells and this
prompted us to prepare the corresponding 2-thio analogues - 2',3'-dideoxy-3'fluoro-2-thiouridine and 2',3'-dideoxy-3'-fluoro-2-thiothymidine and their a-anomers. Trimethylsilylated 2-thiouracil or 2-thiothymine were condensed with
1,5-di-O-benzoyl-2,3-dideoxy-3-fluoro-/3-D-ribose to yield complex reaction mixtures from which, after deblocking, free 2',3'-dideoxy -3'-fluororibonocleosides
of S2Ura and S2Thy were isolated. Their conformational properties in solution
are of some interest. Both anomers of 3'-fluorinated nucleosides exhibit 100%
population of the S conformer of the pentose moiety. By contrast, in the absence of 3'-fluoro substituent the conformation of the pentose ring is dependent on
the anomeric form, viz. about 60% S for /3-anomers and 80-90% for a-anomers.
The biological properties of the foregoing are under investigation [62].
Uridine phosphorylase (UrdPase) is responsible for the degradation of several nucleoside analogues used in antiviral and antitumor chemotherapy. A
number of new 6-, and 5,6-substituted pyrimidine nucleoside analogues was investigated as substrates with purified, homogeneous UrdPase from E.coli. Generally these nucleosides are weak substrates for UrdPase. This results from
their syn conformation about glycosidic bond as pointed by high-resolution
1
H NMR spectroscopy [63].
Two large invited reviews concerning the role of phosphorylating enzymes
in activation of chemotherapeutic nucleosides, and structure activity relationships of antiherpetic pyrimidine and purine nucleosides were published (9,10).
Publications:
1. K.Felczak, M.Bretner, T.Kulikowski and D.Shugar: High-yield Regioselective
Thiation of Biologically Important Pyrimidinones, Dihydropyrimidinones and
Their Ribo, 2'-deoxyribo and 2',3'-dideoxyribo Nucleosides (1993) Nucleosides Nucleotides 12, 245-262.
2. M.Bretner,T.Kulikowski,J.M.Dzik,M.Balinska,W.Rode and D.Shugar: 2-Thio
Derivatives of dUrd and 5-fluoro-dUrd and Their 5'-Monophosphates:
Synthesis, Interaction with Tumor Thymidylate Synthase, and in vitro Antitumor Activity (1993) J.Med.Chem.3Z, 3611-3617.
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3. T.Kulikowski, J.Grynkiewicz: Sposób otrzymywania pochodnych 6-merkaptopuryn. Opis patentowy PL 162708 B1,1993 WUP 12/93.
4. J.M.Dzik, Z.Zieliński, J.Cieśla, M.Bretner, T.Kulikowski, D.Shugar, J.R.Bertino,
W.Rode: Interaction of 2-thio-5-Fluoro-dUMP and 4-thio-5-fluoro-dUMP with
Mammalian Normal and Tumour and Helminthic Thymidylate Synthases: Influence of C(4)-Substituents on Specificity for Enzyme Inactivation (1993)
Biochem. Biophys.Res.Commun. 195,1301-1308.
5. J.M.Dzik.Z.Zieliński, J.Cieśla, W.Rode, T.Kulikowski, and D.Shugar: Interaction with 2(4)-thio-5-fluoro-dUMP of Thymidylate Synthases with Differing
Sensitivities to 5-fluoro-dUMP. In Chemistry and Biology of Pteridines and
Folates, eds J.E. Ayling et all, New York 1993, pp.617-620.
6. H.Rostkowska, M.J.Nowak, LLapiński, M.Bretner, T.Kulikowski, A.Leś, LAdamowicz: Theoretical and Matrix-isolation Experimental Studies on 2-thiocytosine and 5-fluoro-2-thio-cytosine (1993) Biochim.Biophys.Acta, 1172.
239-246.
7. H.Rostkowska, M.J.Nowak, LLapiński, M.Bretner, T.Kulikowski, A.Leś, L.Adamowicz : Infrared Spectra of 2-thiocytosine and 5-fluoro-2-thiocytosine; Experimental and ab initio Studies (1993) Spectrochim.ActaâSASSI-ses.
8. T.Kulikowski, J.Poznański, J.Balzarini, A.Van Aerschot and E.De Clercq: Synthesis, Conformation and Anti-HIV Activity of 3'-Substituted 2',3'-dideoxy-5hydroxymethyluridines (1993) Collect.Czech.Chem. Commun. Spec. I ss.
£8, 44-46.
9. D.Shugar: Phosphorylating enzymes involved in activition of chemotherapeutic nucleosides and nucleotides. In Molecular Aspects of Chemotherapy. Proceedings of Third Intern.Symp. on Molecular Aspects of Chemotherapy, Gdańsk, Poland, June 19-21, 199; eds. D.Shugar, W.Rode, E.Borowski, Springer-Verlag and Polish Scientific Publishers PWN Warszawa ,
1992, pp. 239-270.
10. T.Kulikowski : Structure-Activity Relationships and Conformational Features
of Anti-Herpetic Pyrimidine and Purine Nucleoside Analogues. A review.
(1994) Pharm. W. Sei. m 127-138.
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Role of umuDC in EMS-induced AT - TA transversions
Elzbieta Grzesiuk and Celina Janion
Mutagenesis induced by ethylmethane sulfonate (EMS) predominantly results in GC -» AT transitions. However, in Escherichia coli (mats') - mismatch
repair dificient strain, EMS induced mainly AT -• TA transversions, and this mutational specificity is umuDC -dependent.
Predomination in AT -» TA transversions was seen only when bacteria were
EMS-treated at the stationary phase and than incubated for expression of mutations. There is a growing body of evidence that RecA* mediated processing of
UmuD -» UmuD' is required for UV-induced mutagenesis to occur (1-3). Our
work seems to indicate that EMS-induced AT -• TA transversions may occur
when UmuD is not processed, since: (i), Processing of UmuD -» UmuD1 in rnuts'
is much impaired in comparison to mutS+ cells and (ii), EMS-induced AT -» TA
transversions are much more numerous in mutS'umuD' bacteria transfected
with plasmid pSE117 bearing umuDC, that with pGW2123 bearing umuD'C.
1) Nohmi T., J.R. Battista, LA.Dodson and G.C.Walker (1988) Proc. Natl. Acad.
Sci. USA, 85 1816-1820.
2) Shinagawa.H., H.lwasaki, T.Kato and A.Nakata (1988) Proc.Natl.Acad. Sci.
USA 85 1806-1810.
3) Bailone, A., S.Sommer, J.Knezevic, R.Devoret (1991) Biochimie, 73, 471-478.
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MMS - induced mutagenesis and DNA repair in Escherichia coli
cells under conditions of Umu D(D')C proteins overproduction
Elzbieta Grzesiuk and Celina Janion
Methyl methane sulfonate (MMS) is an aikylating agent, efficiently inducing
the SOS response. SOS mutagenesis is promoted by induction of the RecA and
UmuDC proteins and UmuD -* UmuD' processing. MMS is largely umuDC-dependent mutagen. By using EC2413 strain (AB1157 but AumuDC) we have
found that: (i) frequency of MMS-induced arg£3-Arg+ reversions is entirely dependent on the presence of plasmid DNAs encoding umuDC or (more effective) umuD'C genes; (ii) mutagenic specificity of umuDC-dependenl Arg +
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reversions is result of AT -» TA transversions; (iii) the level of Arg + revertans,
under conditions of transient starvation progressively decreased (MFDeffect).
To estimate DNA damage and repair, we isolated plasmid DNAs from MMStreated cells, at zero and after different time of starvation, and digested them
with Fpg and Nth proteins. Nicking activity of Fpg and Nth at apurinic sites converts covalently closed circular to open circular (ccc -* oc) form of pDNA, what
is easly distinguished on agarose gel electrophoresis. Using this technique we
have found that (iv) in the MMS-treated bacteria almost whole of the ccc forms
of pDNA contain endonuclease sensitive sites which then are progressively repaired. Further studies with bacteria defective in dnaO-encoding proofreading
subunit pollll: EC2414 (as AB1157 but dnaQ49) and EC2415 (as AB1157 but
dnaO49AumuDC) have revealed that (v) to repair MMS-induced lesions,
UmuD'C or at least UmuD' are required; (vi) MMS-induced mutagenesis have
not undergo MFD effect and (vii) transformation of dnaQ49 strains with plasmids
bearing umuDC or umuD'C genes impairs the bacterial growth.

Attempts to estimate 8-hydroxyguanine level in DNA of E.coli
strains defective in genes mutT, mutM and mutY
Celina Janion, Anna Wojcik, Barbara Tudek and Elzbieta Grzesiuk
8ohG is a major oxidation product of guanine and a biomarker of oxidative
stress in mammals. We have attempted to estimate the level of 8ohG residues
in pDNA (pGW2123) propagated in various bacterial strains differing in their abilities to protect cells against mutagenic effects of 8ohG in DNA: fpg, mutY,
mutT, mutTfpg and mutT mutY.
Method included treatment of pDNA with FPG protein and gel electrophoresis. FPG, by its 8ohG DNA glycosylase and nicking at apurinic site activities, relaxes supercoiled (ccc) to open circular (oc) form of DNA, well recognized on
gels after electrophoresis.
Transformation of ccc -* oc after FPG digestion was observed in 8ohG-pDNA obtained by white light + methylene blue treatment, but was not observed
in plasmid DNA isolated from any of the mutator strain tested. It was found,
however, that (i) to obtain ccc form of plasmid DNA propagated in mutator
strains, more delicate methods for lysis of the bacterial cells must be applied;
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(ii) the ratio of ccc to oc form in DNA depends from a host strain in which plasmid was multiplied. In mutT or mutTfpg, much more plasmid DNA was present
in ccc form than in fpg strain.

53

Imidazole ring-opened N-7-methylguanine induces G -• C and
G - T transversions in SOS-induced E.coli cells.
Barbara Tudek, Celina Janion, Serge Boiteux* and Jacques Laval*
* CNRS, Institute Gustave Roussy, Villejurf, France.

Imidazole ring-opened N-7-methyloguanine (Fapy-7-MeGua) was shown to
be primarily a lethal lesion in E.coli cells. Its mutagenic potency is still not clear.
In vitro methylation of single stranded M13mp18 phage DNA with dimethylsulfate and subsequent incubation of this DNA in NaOH (DMS-base treatment that
leads to Fapy-7-MeGua formation) induced all kinds of base substitutions in the
lacZ gene of the phage, when transfected into SOS-induced, wild type E.coli
cells. A -» G transitions were the most frequent mutations found, but also 2-3
fold increase in G -» T and G -» C transversions was observed. To verify whether this increase was due to Fapy-7-MeGua bypass by SOS-polymerase,
ss M13mp18 phage DNA was modified in vitro by DMS-base treatment and subsequently digested with formamidopyrimidine-DNA-glycosylase (FPG protein).
This enzyme removes Fapy-7-MeGua and cleaves DNA in AP sites making the
single-stranded molecules unable to transfect E.coli cells, thus eliminating mutations potentialy originated from Fapy-7-MeGua. Sequencing analysis of
M13mp18 lad gene mutants revealed that after DMS-base treatment and cutting with FPG protein, G -» C and G -• T mutations were eliminated. Among base substitutions found 54% were at adenine sites in the template (38% A -» G,
7% A -* T, 7% A - C) and 46% at cytosine sites (23% C -* T, 15% C -» A, 7% C
-* G). These results suggest that Fapy-7-MeGua might give rise to G -» C transversions in SOS-induced E.coli cells.
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Comparison of the activity of various DNA repair enzymes
using as substrates methylated or ethylated DNAs.
Inhibition of 3-methyladenine-DNA-glycosylase by various
3-substituted adenine derivatives.
B.Tudek, A.A.Van Zeeland 1 , J.T.KuSmierk and J.Laval 2
1 Laboratory of Radiation Genetics and Chemical Mutagenesis, University of Leiden, The
Netherlands
2 CNRS, Institute -Gustave Roussy, Villejuil, Francja

An increasing body of evidence has suggested a role for industrial and environmental alkylating agents in the etiologies of a number of human cancers. In
order to establish the properties of various E.coli proteins involved in the repair
of methylated and ethylated bases both 3-methyladenine-DNA-glycosylases
TagA and AlkA and formamidopyrimidine- DNA-glycosylase (Fpg protein) have
been purified to homogeneity. The comparison of the Km values of the 3 enzymes showed that methylated substrates were excised very efficiently, whereas
the Km values for ethylated substrates were much higher. This is similar property to mammalian N-methylpurine glycosylases, which excise ethylated purine
derivatives with lower rate than methylated purines. Fapy-7-EtGua, similarly to
Fapy-7-MeGua existed in 2 rotameric forms separated by HPLC.
Several 3-alkyladenine derivatives have been synthesized and examined for
their ability to inhibit the activity of TagA and AlkA enzymes. It was demonstrated that 3-ethyl-, 3-propyl- and 3-butyladenine were much more efficient inhibitors of TagA glycosylase than 3-methyladenine, but, they did not inhibit the AlkA
enzyme. The inhibitory effect was increased with the increase of the size of alkyl- group. Interestingly, 3-hydroxyethyladenine did not affect the activity of both
enzymes. This raises the question about the structural features of TagA and
AlkA enzymes in the mechanism of inhibition and recognition and excision of alkylated purines.
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Influence of sjbA mutation on mutagenesis in E.coli strains
with constitutively expressed SOS system
Anna B^benek
We have shown that the sjbA mutation which suppresses inability of E.coli
ApoM strain to grow on a rich medium have an antimutagenic effect and significantly reduces the yield of UV-induced mutants. It appeared that the sjbA mutation has a pleiotropic effect and inhibits several SOS controlled processes as:
SOS mutagenesis, the recovery of DNA replication in UV-irradiated cells and
prophage induction. This suggested that the sjbA mutation may affect activity of
RecA coprotease. To verify this hypothesis we have introduced the sjbA mutation to the recA73Q and recA730lexA[Def) strains which constitutively express
RecA coprotease, and exhibit high mutability. Mutation sjbA significantly decreased mutagenesis in these strains. Introduction of plasmids overproducing
UmuD' and UmuD'C, (but not UmuDC) proteins restorted the mutability of
recA730sjbA strain, indicating that antimutagenic effect of sjbA mutation might
be related to the inhibition of RecA coprotease dependent processing of UmuD
to UmuD'. This is supported by the immunobloting analysis with antibodies
against UmuD and UmuD' proteins which have shown that in recA730sjbA and
recA730lexA(def)sjbA cells, processing of UmuD protein to UmuD' is inhibited.

Eft
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Effect of UmuD and C proteins
on UV-induced reversion of AsusO8 to sus+
Anna Czajkowska
Commonly accepted hypotheses assume that UV-induced mutations are a
result of errors in replication of damaged DNA. We have shown that UV-induced
reversion of XsusO8 to Xsus+ may occur in E.coli 594 su\ a strain nonpermissive
for phage DNA replication with an efficiency of 40% relative to the su+ strain.
Preirradiation of the host cells enhances the level of mutagenesis, indicating involvment of SOS functions (1). To further clarify the mechanism, we have investigated the role of UmuD and C proteins in mutagenesis induced under
nonpermissive conditions for DNA replication. Overproduction of UmuD and C
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proteins from plasmid pSE117 increased the frequency of mutation 8-10 times
under nonpermissive, and only 2-3 times under permissive conditions for DNA
replication. This pointed to a crucial role of UmuD and C proteins in the process of mutagenesis independent on DNA replication. Studies with plasmids
overproducing either UmuD' or UmuD'C indicate that UmuD' protein efficiently
enhances the frequency of mutations. Additional studies with a deletion mutant
in genes umuDC, to resolve the role of UmuD' in UV-induced mutagenesis under nonpermissive conditions for DNA replication, will be presented.
(1) Pietrzykowska and Felczak, in Light in Biology and Medicine, 2, 485-489,
1991, eds Dougles et al.

The induction of adaptive response to alkylating agents
in Escherichia coli reduces the frequency of specific C -» T
mutations in chloroacetaldehyde -treated M13 glyil phage.
Ewa Borys, Maigorzata M. Mroczkowska-Sfupska
and Jaroslaw T. Ku&mierek
The mutagenicity and repair of cytosine adducts formed in reaction of chloroacetaldehyde (CAA), a metabolite of human carcinogen vinyl chloride, have
been studied. The treatment of single stranded DNA M13 JCM15472 (glyU313)
phage with CAA and subsequent transfection of E. coli K-12 JC15419 (trpA461)
tester strain resulted in dose dependend increase of jhage C -» T transitions
and decrease of phage survival. The induction of adaptive response to alkylating agents in bacterial cells significantly decreased the frequency of examined
C -» T transitions and increased the phage survival. The results indicate that
both CAA adducts to cytosine, the initially formed 3,N4-(N4-a-hydroksyethano)cytosine and product of its dehydration, 3,N4-ethenocytosine, provoque C
-» T transitions and are repaired in adapted bacteria. The role of 3-methyladenine-DNA glycosylase II, which is a part of adaptive response system in £. coli,
in excision of CAA adducts to cytosine, is discussed.
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Synthesis and biological activity of
5-fluoro-2-thio-cytosine nucleosides.
M. Bretner and T. Kulikowski.
Our previous observation that the 2-thio analogue of 5-f!uoro-2'-deo>cyuridine (the 5'-phosphate of which is a slow-binding inhibitor of thymidylate svnthase) exhibits antileukemic activity1 prompted us to synthesize the corresponding
2-thio-2'-deoxy-cytidine, 5-fluoro-2-thio-2'-deoxycytidine, as well bs 3-fluoro-2thiocytidine.
The foregoing were prepared by two procedures:
(a) Silylated 2-thiocytosine and 5-fluoro-2-thiocytosine were each condensed with ot-3,5-di-0-p-toluyl-2-deoxy-D-ribosyl chloride in 1,2-dichloroethane,
catalyzed with a molar equivalent of SnCU, to yield a mixture of the blocked (iand a-anomers of 1-(3,5-di-O-p-toluyl-2-deoxy-D-ribofuranosyl)-2-thiocytosine (1
and 2) and the corresponding 5-fluoro analogues (3 and 4), the proportion of
anomers being = 3:1. These were separated by fractional crystallization and
deblocked with methanolic NH3 to furnish the /j- and «-2-thio-2'-deoxycytidines
(5 and £) and the/2- and a-5-fluoro-2-thio-2'-deoxy-cytidines (Z and fi). The previously reported 5-fluoro-2-thiocytidine (9)2 was also synthesized.
(b) Compounds 5 and Z were also prepared by thiation, with the use of the
Lawesson reagent in dioxane3, of blocked 2-thio-2'-deoxyuridine and 5-fluoro-2thio-2'-deoxy-uridine, followed by amination with methanolic NH3 at elevated
temperature.
Nucleosides 5_, Z and 9 were tested for antileukemic activity yj; mouse leukemic L5178Y cells. Both Z and 9 exhibited marked activity, with CD50 values of 8 x
10' 7 and9x10" 7 M.
Nucleosides 5. and Z were also reasonable substrates for human leukemic
spleen deoxycytidine kinase, with consequent inhibitory properties. In particular
5-fluoro-2-thio-2'-deoxycytidine was a potent inhibitor of the phosphorylation of
2'-deoxy-adenosine by this enzyme, with an IC50 of 25 nM.
Collaboration with Nencki Institute of Experimental Biology, P.A.S. Warszawa, and with Institute of Experimental Physics, University of Warsaw, Warszawa.
Supported by KBN Grant No. 662539203 p/01 and 0071/P2/9203.
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Synthesis and antitumour properties of
2-thio-5-chloronucleosides
K. Felczak and T. Kulikowski
5-Chloro-2'-deoxyuridine exhibits cytotoxicity vs. mouse leukemie cells
L1210 and is an inhibitor of thymidylate synthase and thymidylate kinase.1 This
observation, and the fact that substitution of sulphur at the 2-position of uracil
leads to an increase in acidity (i.e. decreases the pKa for dissociation of the proton at N-3, which may affect binding of the 2-thionucIeosides to the above enzymes)2 prompted us to undertaken its synthesis and to examine the properties of
5-chloro-2-thiouracil nucleosides, as well as the parent base, 5-chloro-2-thiouracil (1).
Four methods were used for the synthesis of 1: (a) reaction of 5-chloro-1,3dimethyl-uracil with thiourea; (b) deamination of 5-chloro-2-thiocytosine; (c)
chlorination of the p-nitrophenylethyl derivatives of 2-thiouracil; (d) reaction of
2,5-dichloro-4-hydroxy-pyrimidine with thiourea, which proved the most effective
(60% yield).
a- And ß-5-chloro-2-thio-2'-deoxyuridines (2 and 3) were obtained by the
Lewis acid - catalyzed condensation of the di-TMS derivative of 5-chloro-2-thiouracil with the chloride of 2-deoxy-3,5-di-O-p-toluyl-D-e/yf/7roribose in 1,2-dichloroethane in the presence of TiCU, to give a mixture of the «- and ß-anomers of
2'-deoxy-3',5'-di-O-p-toluyl-5-chloro-2-thiouridine (4. and 5) with a ratio alß = 1 :
3. These were separated by crystallization from methanol and then purified by
preparative TLC on silica gel. The free 5-chloro-2-thio-2'-deoxyuridine (§) was
obtained by deblocking the toluyl derivative 5 with a methanolic solution of NH3.
The nucleoside S was tested for antitumour activity in vitro with mouse leukemie
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cells L15178Y, and showed somewhat weaker cytotoxicity (CD50 8 x 10"5 M)
than 5-chloro-2'-deoxyuridine (CD50 5 x 10'7 M). Other biological properties of
the foregoing are under investigation.
Collaboration with Nencki Institute of Experimental Biology.
Supported by KBN grant 662539203P/01.
References:
1. Balzarini, J., De Clerq, E., Mertes, M.P., Shugar, D., Torrence, P.F. 1982, Biochem. Pharmacology, 3J., 3673. 2. Bretner, M., Kulikowski, T., Dzik, J.M., Balinska, M., Rode, W., Shugar, D.
1993, J. Med. Chem., 3S, 3611. :
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Synthesis and biological activities of 4-thio-5-substituted-,
2,4-dithio-, and 2,4-dithio-5-fluoro-2'-deoxyuridines
M. Bretner and T. Kulikowski
The nucleosides 5-fluoro-4-thio-dL)rd1 and 5-fluoro-2-thio-dUrd2 inhibit the
growth of mouse leukemic cells. These compounds constitute a class of antitumour nucleosides and nucleotides with enhanced acidities of the aglycons due
to dissociation of the pyrimidine N(3)-H. It was previously shown that presence
of the N(3)-H leads to stronger binding of the nucleotides to thymidylate synthase3. The foregoing prompted the synthesis of the title compounds, the aglycons
of which should be even more acidic, and to examine their biological activities.
5-Substituted-4-thio-2'-deoxyuridines were prepared by appropriate modifications of 5-substituted-2'-deoxyuridines. The 5-Br-, 5-CI- and 5-OH-dUrd were
acetylated with AC2O-DMAP at room temp., and the acetylated derivatives 1-3
thionated with the Lawesson reagent in 1,4-dioxane under reflux to yield the
3',5'-di-O-acetyl-4-thio derivatives of 5-Br-dUrd (4), 5-CI-dUrd (5) and 5-OH-dUrd
(6). These were deblocked with NH3\MeOH to give 5-Br- (7), 5-CI- (8), and 5OH-dUrd (9). Since 2,4-dithio-dUrd and its 5-fluoro analogue are not accessible
by direct thiation, the starting compounds 2-thio-dUrd and 5-fluoro-2-thio-dUrd
were prepared by condensation of their di-TMS aglycons with toluylated 2-deoxy-D-ribose chloride in presence of the Lewis acid catalyst TiCU. The resulting
blocked 2-thio-nucleosides 10 and 11 were thionated as above, to yield after
deblocking with NH3\MeOH, 2,4-dithio-dUrd (12) and 5-fluoro-2,4-dithio-dl)rd
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(13). The nucleosides 7, 12, and 13 exhibited marked cytotoxicity vs L5178Y
mouse leukemia cells, with CD50 values of 8 x 10'7M, 2 x 10'5M and 2 x 10'6M,
respectively.
Collaboration with Nencki Institute of Experimental Biology.
Supported by KBN Grants No. 6 62539203 p/01 and 0071/P2/92/03).
References.
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J. A.; Shugar, D. Nucl. Acid Res., Symp. Ser. 1987, 78, 61-64.
2. Bretner, M.; Kulikowski, T.; Baliriska, M.; Rode, W.; Shugar, D. 6th European
Symposium on Carbohydrate Chemistry, Edinburg, Scotland, 1991, abstract
B-72
3. Dzik, J. M.; Kulikowski T.; Zielinski, Z.; Ciesla, J.; Rode, W.; Shugar, D. Biochem. Biophys. Res. Commun. 1987, 749 (3), 1200-1207.

Thiopyrimidine nucleotides
as inhibitors of Thymidylate synthase.
M. Bretner and T. Kulikowski.
5-Fluoro-dUMP, (5FdUMP) a metabolite of 5-FUra widely used in the solid
tumors, blocks the de novo dTMP production by the formation of a stable ternary complex between 5FdUMP, 5,10-CH2-H4-folate and Thymidylate Synthase
(TS).1 The low chemotherapeutic response rate of 5FUra pointed to utility of
searching new analogs of dUMP. The sole reported modification of the pyrimidine base of dUMP with retention of substrate activity against TS is 4-thio-dUMP.2
Similar modification of 5FdUMP led to 5F-4-thio-dUMP a strong inhibitor of the
enzyme from mammalian, and other sources.3 The foregoing pointed to the utility of examine the substrate and inhibitory properties of the hitherto unknown 2thio and 2,4-dithio derivatives of dUMP and 5FdUMP. A new convenient
synthesis of 5F-2-thiouracil was based on hydrolytic deamination of 5F-2-thiocytosine. Lewis acid-catalyzed 0"iCU) condensation of di-TMS-2-thiouracil or diTMS-5F-2-thiouracil with 2-deoxy-3,5-di-O-p-toluyl-D-ribo- furanosyl chloride led
to mixture of the ji and a anomers of toluylated 2-thio-dllrd (1 and 2) or 5F-2thio-dUrd (3 and 4). The fi anomers were thionated with the Lawesson reagent
in 1,4-dioxane under reflux to yield 3',5'-di-O-p-toluyl-2,4-dithio derivatives dUrd
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(5) and 5FdUrd (6). These were deblocked with MeOH-NH3 and selectively converted to the corresponding 5'-monophosphates, with the aid of the wheat
shoot phosphotransferase system.
Whereas ^-2-thio-dUMP (7) was a good substrate (Km « 10'5 M), /3-5F-2thio-dUMP (8) proved to be a potent competitive, slow-binding inhibitor (Ki =
10'8 M) of the purified enzymes from Ehrlich ascites carcinoma and L1210 cells.
The 2,4-dithio derivatives showed weak activity as substrate or inhibitor of TS.
Collaboration with Nencki Institute of Experimental Biology, PAS, Warszawa.
Supported by KBN Grant No. 662539203 p/01 and 0071/P2/9203.
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Commun. 1973, 55, 210-217.
3 Kulikowski, T., Bretner, M., Dzik, J.M., Zielinski, Z., Ciesla, J., Rode, W., Vilpo,
J.A., Shugar, D. Nucl. Acid Res. Symp. Ser., 1987, Wo. 18, 61-64.
4. Bretner, M., Kulikowski, T., Dzik, J. M., Baliriska, M., Rode, W., Shugar, D.
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Synthesis and solution conformation of
2',3'-dideoxy-3'-fluoro-D-e/yf/7ro-pentofuranosides of
2-thiouracil and 2-thiothymine.
N.E. Poopeiko1 and T. Kulikowski.
2',3'-Dideoxy-3'-fluorothymidine (FLT) is one of the more potent in vitro inhibitors of HIV and its reverse transcriptase, but exhibits marked cytotoxicity. Its 4thio derivative exhibits an enhanced therapeutic index in MT-4 cells2, prompting
us to prepare the corresponding 2-thio analogues 2'.3'-dideoxy-3'-fluoro-2thiouridine (5b) and 2'3'-dideoxy-3'-fluoro-2-thiothymidine (7_b) and their a-anomers 5a_and 7_a.
Trimethylsilylated 2-thiouracil (1) or 2-thiothymine (2) were condensed with
1,5-di-O-benzoyl-2,3-dideoxy-3- fluoro-^-D-eryf/iro-pentofuranose (2)3 in 1,2-dichloroethane in presence of SnCk to yield complex reaction mixtures. The a-
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and ^-anomers of 5'-benzoyl-2',3'-dideoxy-3'-fluoro-2- thiouridine (4_a, 4b_) were
isolated by TLC on silica gel, and the free nucleosides (5a, 5_b_) were obtained
by deblocking 4a_and 4b_with methanolic triethylamine. The corresponding anomers of the blocked 2-thiothymidine congeners could not be separated; but following deblocking, the free nucleosides 2a_and 7_b_were readily isolated on a
silica gel column.
The biological properties of the foregoing are under investigation. Their
conformational properties in aqueous medium (1H NMR in D2O, 500 MHz) are of
some interest. In the absence of the 3'-fluoro, the conformation of the pentose
ring is dependent on the anomeric form, viz. about 60% S, for 2-thio-2'-deoxyuridine and 90% for its a-anomer, and 60% S for thymidine nad 80% S for its aanomer. By contrast, both anomers of 4 and Z exhibit a virtually 100%
population of the S conformer of the pentose moiety. The a-anomer of both 3'fluoro nucleosides (4_a_and Za) exhibit through-space coupling 3'-F, H (6), further indicative of a stable S conformation for both in solution.
Supported by KBN grant 662539203P/01.
References
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Conformation and biological properties of 6- and 5,6substituted pyrimidine nucleosides
A. K. Drabikowska and K. Felczak
Uridine phosphorylase is responsible for degradation of several nucleoside
analogues used in antiviral and antitumor chemotherapy.
The series of new 6- and 5,6- substituted pyrimidine nucleosides were synthesized and investigated as substrates with purified, homogeneous uridine
phosphorylase isolated from E. coli.

-105-

33

All these compounds, as established by NMR spectroscopy, show fixed syn
conformation around N-glycosidic bond. These results may indicate that this
structure seems to be rigid requirement for binding to uridine phosphorylase,
although uridine as a natural substrate contains conformers in almost equal
amounts.
6- and 5,6- substituted pyrimidine nucleosides are phosphorytically cleaved
by uridine phosphorylase. High values of Km indicate that they are weak substrates. Increased hydrophobicity of 6-substituted analogues does not influence
the binding affinity but diminished greatly Vmax. This could result from changes
in geometry of enzyme active centre evokedy by these substrates.
Analogues of 5-fluorouridine substituted at 6-position with -CH3, -CH2OH,
-CH2F of the pyrimidine ring show much higher value of Km as does 5-fluorouridine itself. It seems therefore that a substituents at 6- position diminishes the
electron-withdrawing effect of fluor which was thought to facilitate binding of ligands to the hydrophobic region of enzyme.
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5'-modified 2'-deoxycytidines as promising,
non-substrate inhibitors of human deoxycytidine kinase.
K. Krawiec and D. Shugar
Although potent selective inhibitors of viral thymidyne kinase have been described, surprisingly little attention has been devoted to development of inhibitors of cellular nucleoside kinases, responsible for activation of many
chemotherapheutic nucleosides. During an ongoing study on the specificity of
human deoxycytidine kinase (dCK), an early report by Miller et al.1 on inhibition
of adenosine kinase by 5'-amino-5'-deoxyadenosine prompted us to prepare 5'amino-2',5'-dideoxycytidine (5'-amino-ddC) via electrochemical reduction of 5'azido-2',5'-dideoxycytidine (5'-azido-ddC).
5'-amino-ddC proved to be a non substrate inhibitor of phosphorylation of
both dC and dA by dCK. Inhibition of dC, but not dA, phosphorylation was bimodal (perhaps due to the known negative cooperativity of the enzyme); and
best fits of the inhibition pattern gave two Ki values, 3.6 /<M and 32/<M, for low
(0-2.5//M) and high (2.5-50 //M) concentraction ranges of inhibitor. Furthermore, change from pH 7.2 to 8.6 with the low concentration range led to a 2-fold
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decrease in Ki, suggesting that the neutral form is the better inhibitor. By contrast, the Ki for inhibition of phosphorylation of dA was unimodal, Ki = 1.2//M
and independent of pH.
Unexpectedly, 5'-azido-ddC, although a poorer, and competitive inhibitor of
dC (Ki = 60 /<M), was a reasonable inhibitor of phosphorylation of dA (Ki = 8
/<M). This, in turn, led to the synthesis of 5'-O-methyl-dC and 5'-O-ethyl-dC. The
latter inhibited phosphorylation of dC with Ki = 32/<M, but was more effective
against dA (Ki = 3//M), and should therefore prove useful for inhibition of phosphorylation of dA, while permitting phosphorylation of dC (collaboration with
Department of Biophysics, U. W.)
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Hormonal regulation of genes expression in insects
Z. Lassota
A. The role of 20-hydroksyecdysone and of juvenile hormone in the expression of Galleria mellonella genes.
dr Krystyna Grzelak, dr Barbara Kludkiewicz, tech. Krystyna Gocman.
B. The influence of peptide neurohormones on protein synthesis in insects,
dr Joanna Michalik, dr Ewa Szolajska, dr Halina Turkowska.
ad A. The study on the hormonal control of the silk glands was continued.
Northern blot and dot hybridization analyses of total posterior silk glands (PSG)
RNA suggested that 20-hydroksyecdysone (20-HE) in vitro (0,5,»g/ml) caused
an increase in the level of mRNAs for low-molecular weight silk proteins. Using
PSG-specific clone (PG-1) this stimulatory effect was confirmed. JH in vitro supressed the stimulatory effect of 20-HE. The results indicate that both hormones
participate in the regulation of expression of silk protein genes (A1,A2,A3).
In cooperation with Marquette University, Milwaukee, USA we focused on
the study of Galleria larval hemolymph protein gene- Lhp 82. The gene was cloned and sequenced. The results show that JH exerts a repressive effect on Lhp
82 transcription in larval fat body cells. The permanent inactivation of Lhp 82
transcription occurs in early pupa in response to an ecdysteroid-mediated
signal in the absence of JH (A5).
ad B. Further studies on sericotropin - neurohormon stimulating transcription and translation in silk gland of Galleria mellonella has been completed
(B4,B5,B6). The effect of adipokinetic hormone well known as the regulator of lipid and carbohydrates metabolism on protein synthesis in fat body of Tenebrio
molitor in vitro has been studied. Synthetic octapeptide (Tem-AKH I) supressed
the synthesis of vitellogenin as well as arylphorine proteins in adult females
(B9).
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In baculovirus protein expression system the expression of poneratoxin the toxin synthesized by ant Panaponera clavata is now studied. This baculovirus transformant of increased toxicity against Lepidoptera can be used as specific and safe insecticide for forest protection.
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A2. Kludkiewicz B., Grzelak K., Michalik J. The influence of 20-hydroxyecdysone
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Xth Ecdysone Workshop Liverpool, 6-9 April, Abstr. p. 104,1992.
A3. Grzelak K., Kludkiewicz B., Lassota Z. The effect of 20-hydroxyecdysone on
expression of genes coding for low molecular weight silk proteins of Galleria
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B6. Michalik J. and Szolajska E. Stimulation of silk gland by a neuropeptide of
brain origin in Galleria mellonella. W: Insect Neurochemistry and Neurophysiology (wyd. Borkovec A.B. and Loeb M.J.) CRC Press 1993.
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1993.
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Properties of some enzymes involved in purine metabolism
M.M. Jeżewska, H. Trembacz and G. Jewdoszuk
Purine nucleosides are reversibly decomposed to free purines and ribose1-phosphate by several purine nucleoside phosphorylases. Inosine-guanosine
phosphorylase (PNPase) occurs in most organisms investigated and a deficiency of this enzyme in man is associated with severe T cell immunodeficiency disease. Another enzyme, 5-methyl-thioadenosine phosphorylase (MTAase),
catalyzes the phosphorolysis of this thionucleoside which is deleterious to cell
and produced from S-adenosylmethionine during the synthesis of polyamines.
In man both PNPase and MTAase did not act on adenosine, although the last
enzyme splits 2-deoxyadenosine.
In contrast, a specific adenosine phosphorylase (AdoPho) synthesizing and
phosphorolyzing adenosine has been reported to occur in Bacilli sp., Mycoplasmatales, some parasitic protozoa and in the adult form of parasitic trematode,
S.mansoni. It seems that this enzyme, absent in vertebrates - parasite final
hosts, could be a convenient target for a chemotherapy against many severe diseases caused by parasites. The occurrence of adenosine phosphorylase is
not limited to parasitic organisms because we have isolated this enzyme from a
terrestrial snail, H. pomatia (1). Next, we found the adenosine synthesizing activity in several species of fresh-water basommatophoran snails (2), intermediate
hosts of trematodes, and in some species of insectes (3).
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Therefore, this enzymic activity seems to occur commonly in invertebrates.
The adenosine synthesizing activity occurs in the free-living and parasitic larval
forms (2), as well as in the parasitic adult form of trematodes (3). We isolated an
enzyme responsible for this activity form the adult form of trematode F. hepatica,
which infects commonly the domestic animals and sometimes man. The enzyme from F. hepatica was found to occur in two different molecular forms, both
acting not only on Ado and 2'-dAdo but also on MTA. When the properties of
the two forms of F. hepatica enzyme and those of AdoPho and MTAase from
other sources are compared, a question arises: is this a family of divergent adenosine phosphorylases derived from common ancestor or an example of convergent evolution ?
(1) Trembacz H. and Jezewska M.M., Adenosine phosphorylase from hepatopancreas of H. pomatia, Comp. Biochem. Physiol., 104B, 481-487.1993
(2) Trembacz H. and Jezewska M.M., Adenosine phosphorylase and other enzymes of purine salvage in snails and trematodes, Comp. Biochem. Physiol., 107B. 135-139, 1994.
(3) Trembacz H. and Jezewska M.M., Specific enzyme synthesizing adenosine
from adenine and ribose-1 -phosphate in invertebrates, Adv. Exp. Med. Biol.,
in press.

Rye germ ribosomal nuclease degrading
double-stranded RNA: purification and properties
Maria A.Siwecka
Since several years I am engaged in studies of an enzyme, unique in the
plant kingdom, with nucleolytic activity towards double-stranded RNA.
It is well known that ribonucleolytic activity may be associated with plant ribosomes, but the significance of this phenomenon invivo has not so far been
elucidated. Only recently the isolation and partial purification of a nuclease from
tobacco anthers, that degrades double-stranded RNA, has been reported in the
literature.
In earlier studies I have shown that both a ribonucleolytic and deoxyribonucleolytic activity are associated with rye germ ribosomes, and that may be released by treatment with 0.5 M ammonium chloride or 4 M urea. Subsequently
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I have isolated and purified to homogeneous state a nuclease associated with
ribosomes, that showed preference to single-stranded RNA and DNA structures. Then I have observed that wash of ribosomes, obtained by their treatment
with ammonium chloride is capable of degrading double-stranded RNA from
Penicillium chrysogenum and synthetic double-stranded complexes: poly(A).
poly(U) and poly(l).poly(C).
I have attempted to isolate from wash of rye germ ribosome the enzyme degrading double-stranded RNA. The purification procedures applied (ion-exchange chromatography on CM-cellulose and chromatofocusing on PBE 94
and PBE 118 gels) have allowed for 30-fold purification, but the resulting enzyme was very unstable. Its lyophilization or repeated freezing have led to a complete loss of activity. In consequence of the resulting difficulties in the
determination of the properties of the enzyme, the major part of studies on the
effect of activators and inhibitors on its activity have been performed using enzyme preparations purified only partly (1).
In the present studies we developed two new procedures for purification of
rye germ ribosomael nuclease, and we determined some properties of the purified enzyme preparation [68],
In the preparation method ionic detergent Brij 35 and protease inhibitors
(apronitin, leupeptine and benzamidine) were used affording an increased yield
of the isolated protein.
The enzyme was purified on columns packed with Octyl- or Phenyl - sepharose. The use of either one of these adsorbents gave a similar result - two proteins of a closely similar molecular weight. Purification yield and the activity of the
isolated enzyme towards poly (l).poly(C) were, however, higher when the column was packed with Octyl-sepharose (4).
Storage conditions allowing for maintenance of enzymic activity were determined. It was shown that 20 % glycerol and 10 mM 2-mercaptoethanol stabilize
the activity of the nuclease towards the double-stranded complex poly(l).poly(C) (5).
Further studies will be designed to determine the structure of the enzyme,
to establish the mechanism of the action of its certain inhibitors, to elucidate
the manner of its binding to ribosomes and to reveal the causes of its latency.
It would be of interest to get insight into metabolic role and, moreover, to
use it for studies of the structure of double-stranded RNA fragments.
These studies are partly supported by KBN grant: 6P 203 021 06.
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1) M.A. Siwecka.Sensitivity of ribosomal nuclease from rye to human placental
ribonuclease inhibitor. FEBS 2 1 s t Annual Meeting, Dublin, Ireland, 9-14, August 1992, Fr-146.
2) M.A.Siwecka. Rybozymy - perspektywy i ostatnie osiągnięcia w badaniach i
zastosowaniach. Biotechnologia 3 (18) 1992, p. 74-76
3) M.A.Siwecka. 21 Zjazd Federacji Europejskich Towarzystw Biochemicznych
w Dublinie , FEBS'92 Post.Bioch. (1993), 39, 69-70.
4) M.A.Siwecka, M.Turiszczewa i LCzumikina. Charakterystyka aktywności dezoksyrybonukleazowej i rybonukleazowej rybosomalnej nukleazy zarodków
żyta. XXIX Meeting of the Polish Bioch. Soc. 1993, September 15-17, Wrocław, p.lX P53.
5) M.A.Siwecka, D.Gaganidze. Oczyszczanie rybosomalnej nukleazy zarodków
żyta degradującej dwuniciowe RNA. XXX Meeting of the Polish Bioch. Soc.
1994 September 14-16, Szczecin p. 192.

Probing tRNA structure in solution using Rn nuclease I
Anna Przykorska
Secondary and tertiary structures of RNA molecules are very important for
their functions, therefore they are of great interest to many researchers. Usually
several methods are used in parallel. These are: computer modelling, X ray diffraction on RNA crystals and probing RNA structure in solution using specific
chemicals and nucleases.
We have used plant Rn nuclease of type I as a structural probe specific for
single-stranded regions in native and transcribed RNA molecules [69], In order
to characterize this enzyme as a structural probe we have used as substrates
two tRNA of known crystallographic structure: yeast tRNA Phe and yeast tRNA Asp
(1). In tRNA phe the nuclease introduced main primary cuts at positions U33 and
A35 of the anticodon loop and G18 and G19 of the D loop. No primary cuts
were observed within the double stranded stems. In tRNA A s p the main cuts also
occured in the anticodon loop and in the D loop region. No cuts were observed
in the T loop in the intact tRNA Asp , but strong primary cleavages occured within
that loop in the absence of the tertiary interactions between T and D loops (use
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of 3'-half tRNAAsp). These results showed that Rn nuclease I is specific for exposed single-stranded regions in RNA molecule and can be a very useful tool for
secondary and tertiary structure studies of native RNA molecules in solution.
The nuclease seems to be a good structural probe, because it gives the same
information on RNAs structure in one step, for which several different enzymes,
commonly used in structural studies, were previously needed. Rn nuclease I
can even recognize single bulging-out nucleotides as shown in the case of
5SrRNA from yelow lupin seeds (2). As a good structural probe Rn nuclease I is
base unspecific, can act in broad pH range, has no requirement for the addition
of divalent cations to the reaction mixture and is very stable.
We have used Rn nuclease I to probe the structure of different RNA species: tRNAs with large variable arms (class II tRNAs) (3), lupin tRNAMot and lupin
5S rRNA (2), bovine liver tRNASec and tRNASec unmodified transcript (4).
Publications:
1.A. Przykorska, C.EI Adlouni, G. Keith, J.W. Szarkowski and G. Dirheimer,
(1992) Nucl. Acids Res. 20, 659-663.
2.A. Przykorska, M. Nalaskowska, E. Kuligowska, J.W. Szarkowski and J. Barciszewski, (1991) Phytochemistry, 30, 1749-1752.
3. C. El Adlouni, G. Keith, G. Dirheimer, J. W. Szarkowski and A. Przykorska,
(1993) Nucl. Acids Res. 21, 941-947.
4. J.Sadowska, A. Przykorska, M. Moriko, E. Kuligowska, C. Sturchler, A. Krol.G.
Dirheimer, J.W. Szarkowski, G. Keith, in preparation.
5. J. Sadowska, A. Przykorska, M. Moiiko.E. Kuligowska, J.W. Szarkowski.G. Keith, G. Dirheimer, in preparation.
6. A. Przykorska, Biochimie, submitted.

Single-strand-specific nuclease from the fraction
of wheat chloroplast stromal protein.
Elzbieta Kuligowska
Nucleases specific for single-stranded nucleic acids are wide spread in
plants. In vitro studies indicate that plant tissues are characterized by a diversity
of the activities degrading nucleic acids, but the degradation mechanism has
not been fully elucidated. Moreover, it is important to gain knowledge of the lo-
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cation of the degrading enzymes, which may allow, among others, closer insight into their physiological role.
Nuclease specific for single-stranded nuci ic acids was obtained from the
stroma of wheat leaf chloroplasts, and purified. Nuclease from chloroplasts stroma was purified to electrophoretic homogeneity. Its molecular weight is 20 000.
The investigated nuclease is active towards denatured DNA and RNA within the
pH range of 5.5-7.0 and 5.0-7.5, respectively. For stability and activity, the enzyme does not require the presence of divalent cations or sulphydryl compounds
[70].
The specificity of nuclease was investigated in the presence of natural and
synthetic substrate. The enzyme degrades both DNA and RNA as a typical endonuclease that produces fragments containing a 5'-phosphate group and a 3'OH.
The sequence of hydrolysis of ribohomopolymers: poly(U)>poly(A)>poly(C)>poly(G), by nuclease results from the specificity of the enzyme for singlestranded structures, but not for bases. Under the experimental conditions used,
the single-stranded character of the ribohomopolymers decreases in an identical sequence. The high specificity of the investigated enzyme for single-stranded structures is confirmed by the results of hydrolysis of deoxyribohomopolymer3; namely, only (dA) and poly(dT) are degraded by the enzyme; whereas
poly(dC) and poly(dG) are virtually intact.
Nuclease from wheat chloroplast stroma acts on the superhelical molecules
of phage <1>X174 DNA. Initially the enzyme performs one or more single-stranded scissions in the superhelical, circular DNA molecule, this leading to the relaxed circular form of DNA and then to its linear form. The first step of reaction is
very rapid while the next one is slower. A rise in enzyme concentration even more accelerates the conversion of the superhelical form to the relaxed circular
form, but it does not increase the formation rate of the linear form. These results
indicate that the relaxed circular form serves as an intermediary in formation of
the linear form.
The investigated nuclease from wheat chloroplasts stroma is active within a
wide pH range, requires no presence of divalent cations and has a low molecular weight that allows for easy penetration into some more concealed structural
elements; therefore, the enzyme may serve as a convenient probe in investigations on the structure of nucleic acids. Relevant studies are under way at this laboratory.
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Hormonal regulation of genes expression in insects
Krystyna Grzelak, Barbara Kludkiewicz, Zofia Lassota.
The role of 20-hydroxyecdysone (20-HE) and juvenile hormone (JH) in the
stage specific expression of the genes coding for low-molecular-weight silk protein as well as larval hemolymph protein was investigated in Galleria mellonella.
Small silk proteins are coded by two mRNAs (1.1 and 1.2 kb) present specifically in posterior silk gland (PSG) cells (Grzelak et al., 1988). Northern blot and
dot hybridization analyses of total PSG RNA from early stages of the last instar
larvae with Galleria32? PSG cDNA as a probe showed that in vitro 20-HE (0.5
/<g/ml) caused an increase in the level of 1100 nucleotide PSG mRNAs. PSGspecific clone designated PG-1 (containing transcripts for small silk proteins)
was also used, and in this way the stimulatory effect of the 20-HE on silk gland
genes expression was confirmed (Grzelak et al., 1993). JH II in vitro supressed
the stimulatory effect of 20-HE. Our results indicate that hormones participate in
the regulation of expression of silk protein genes.
The larval hemolymph proteins (LHPs) designated as storage hexamerins
are synthesized in the fat body cells of insect's larvae and secreted into the hemolymph. Of the four LHPs identified in Galleria larvae only LHP 82 (m.w. of
subunit 82 kDa) is expressed during the final instar. JH represses LHP 82 transcription. In cooperation with Marquette University (Milwaukee, USA). Lhp 82 gene was cloned and sequenced. We demonstrated that the permanent
inactivation of Lhp 82 transcription in fat body cells occurs in early pupa in response to an ecdysteroid-mediated signal in the absence of JH (Memmel et
al.,1994).
1) Grzelak K., Couble P., Garel A., Ktudkiewicz B., Alrouz H. Insect Biochem. 18_,
223-228(1988).
2) Grzelak K., Kludkiewicz B., Lassota Z. Insect Biochem.Molec. Biol. 23, 211216(1993).
3) Memmel N.A., Trewitt P.M., Grzelak K., Rajaratnam V.S.,Kumaran A.K. Insect
Biochem. Molec. Biol. 24, 133-144 (1994).
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The influence of neuropeptides on protein synthesis
in some insect tissues.
Joanna Michalik, Ewa Szotajska
In insects several neurohaemal tissues (mainly brain) are the source of neurohormones - powerful regulators of many processes including growth, development and reproduction. Insect neurohormones are low molecular proteins
and peptides.
We characterized neurohormone - sericotropin, 10 kD peptide synthesized
in G.mellonella brain, and its ability to stimulate transcription and protein synthesis in silk gland of this animal. The appearence of sericoptropin in insect organism is strictly restricted to the period of intensive protein synthesis in the silk
gland. We found out that the presence of this neurohormone is essential for intensive silk protein synthesis, also in other spinning Lepidoptera.
We also characterized the effect of adipokinetic hormone and its analogues
well known as the regulators of lipid and carbohydrates metabolism on protein
synthesis in fat body of Tenebrio molitor.
Synthetic octapeptide of the sequence described for the hormone isolated
from T.molitor supressed the synthesis of vitellogenin as well as arylphorin during first gonotrophic cycle in adult females during 3 hrs incubation in vitro.
The knowledge of structure and mechanism of action of the neuropeptides
can be used for control insect pest population. The vector commonly used for
introducing neuropeptides into insect organism is the virus from the family of
Baculoviridae. Baculovirus infecting Arthropodes but not plants or vertebrates
can be used as safe and specific insecticide. We work on constructing the baculovirus transformant carrying the sequence for poneratoxin - the toxin from
ant Panaponera clavata with increased toxicity in comparison with wild baculovirus. This transformant can be used in forest protection against Lepidoptera
pests. Since the baculovirus genome containing 130 kb dsDNA is too large for
genetic manipulation the sequence for poneratoxin as well as secretion sequence have to be introduced to smaller plasmids ( pUC 18, pUW 21) before cotransfection of S.frugiperda cell line with baculovirus DNA.
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Adenosine phosphorylase from the adult form of F.hepatica
H.Trembacz and M. M. Jezewska
Adenosine phosphorylase (AdoPho) synthesizing activity occurs commonly
in invertebrates. In parasitic trematoda we found it in the larval forms of 3 species, each belonging to another family, and in the adult form of liver fluke F. hepatica, parasitizing commonly the cattle and sometimes man. Adult form F. hepatica was isolated from cow liver; the whole parasite body was homogenized
and the homogenate supernatant was fractionated with ammonium sulphate.
The two active protein fractions obtained gave a one and two AdoPho peaks,
respectively, when they were chromatographed on the Cellulose DE-52 column.
Molecular weights of proteins in these peaks determined wih the use of Sephadex G-150 and G-100 columns, were found to be different. The equilibrium of
the reaction catalyzed is shifted towards nucleoside synthesis. Enzyme(s) from
both active peaks phosphorolyzed Ado, 2'-dAdo and 5'-methylthioAdo; DTT
exerted various effects on these reactions.
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Rye germ ribosomal nuclease degrading
double-stranded RNA: purification and properties
M.A.Siwecka, D.Gaganidze, M.Turiszczewa
A new two-step procedure for purification of rye germ ribosomal nuclease
that degrades the double-stranded complex poly(l).poly(C) was developed. The
resulting nuclease preparation showed in electrophoresis on polyacrylamide
gel (with an addition of SDS) the presence of two proteins with molecular weight
of 57 000 D and 62 000 D, respectively. Electrophoresis with and without an addition of 2-mercaptoethanol presented an idential picture. This suggests that
the enzyme has a subunit structure and that the subunits are not bound by a disulfide bonds.
It was shown that glycerol stimulates the activity of the purified enzyme, and
a 20-40 % concentration partly stabilizes the activity of the enzyme towards poly (I), poly (C).
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Apart from its activity towards single- and double-stranded RNA, the enzyme cleaves native DNA. Namely, it converts completely the closed double-stranded form of phage ^174 DNA into the open circular and then linear form. This
indicates that the nuclease under study acts endonucleolytically on native DNA.

Rn nuclease I from rye as a structural probe
Anna Przykorska, Joanna Sadowska
A single-strand-specific Rn nuclease I from rye germ was characterized as a
very good and reliable tool for secondary and tertiary structure investigation of
RNAs in solution. The enzymatic probe was tested using substrates of well
known tertiary structures: yeast tRNAPhe and yeast tRNAAsp. In both tRNAs the
nuclease introduced main primary cuts within the anticodon loops and the D
loops. No primary cuts were observed within the double-stranded stems. In intact tRNAAsp no cuts were observed in the T ioop, but strong primary cleavages
occured within this loop in the absence of tertiary interactions between T and D
loops which is the case in 3'-half tRNAAsp.
Rn nuclease I was used to probe the secondary and tertiary structures of
different RNAs species: tRNA with large variable arm (class II tRNA), lupin
tRNAMet, lupin 5S rRNA and eucaryotic selenocysteine tRNASec. The results obtained for the native, fully modified, tRNASec were compared with those obtained for the unmodified tRNASeo transcript. This allowed to reach the information
about the influence of modified nucleosides on tRNA structure.

Characterization of single-strand-specific nuclease from the
fraction of wheat chloroplast stromal protein.
M.Moriko and E.Kuligowska
A single-strand-specific nuclease from the stroma fraction of wheat chloroplasts was purified to homogenity. The nuclease exhibits an activity within a wi-121 -
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de pH range of 5.0-7.5, its Mr is 20 000. The enzyme degrades DNA and BNA
endonucleolytically, producing fragments with 3'-OH and 5'-phosphate termini.
The nuclease shows no absolute requirement of added divalent cations. The
enzyme catalyses hydrolysis of synthetic polyribonucleotides in the following order: poly(U)>poly(A)>poly(C)>poly(G). Polydeoxynucleotides except poly(dA)
and poly(dT) remain intact. Supercoiled, covalently closed circular OX 174 DNA
and plasmid pBR322 are converted initially to the open-circular (relaxed) form
and subsequently to the linear form. The activity of nuclease towards supercoiled plasmid pBR322 is strongly influenced by salt concentration (0.1M NaCI
strongly inhibits this activity). The enzyme may serve as a convinient probe in
investigations on the structure of nucleic acids.

Department of
Lipid Biochemistry

Biosynthesis of Glycoconjugates
in Saccharomyces cerevisiae and Trichoderma reesei
Grazyna Palamarczyk
Two lines of research were carried out:
A. Biosynthesis of polyprenols and their glycosylated derivatives in ergosterol mutants of S.cerevisiae.
Selected thermosensitive, ergosrterol auxotrophic mutants of S.cerevisiae,
i.e. erg mutants, served as a model to study biosynthesis of prenols and their
glycosylated derivatives. Our preliminary experiments showed that in two erg
mutants namely erg 8, blocked in the synthesis of mevalonic acid pyrophosphate and erg 9, blocked in squalene synthase, mannosylation of endogenous dolichyl phosphate was about four fold lower as compared to the parental strain.
However, addition of exogenous dolichyl phosphate resulted in equal level of its
mannosylation in both parental and mutant strains indicating that the amount of
endogenous dolichyl phosphate in the membrane preparations might be different in the mutants as compared to the wild type strain. Thus, we indirectly infer
that the de novo synthesis of dolichyl phosphate in sterol mutants is impaired
(1, 2, 3). In consequence activity of cis-prenyltransferase, the enzyme catalyzing
condensation of isopentenyl pyrophosphate (IPP) to the allylic substrate - preferentialy farnesyl pyrophosphate (FPP), serving as a starter, and subsequent addition of the IPP units to elongate polyprenol pyrophosphate chain was studied
(4, 5). Still remains unclear why cis- prenyltransferase synthesizes a family of
polyprenols of different chain length. We have established than in vitro the enzyme catalyzes synthezis of a family of free polyprenols of chain length between
10-16 isoprene units in the wild type strain and the mutants erg 8 and erg 9. Reaction is enhanced by addition of exogenous FPP. [71].
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B. Molecular mechanism of O-glycosylation in the filamentous fungus Trichoderma reesei related to protein secretion.
It has been postulated that exoprotein secretion by Trichoderma species is
related to their O-glycosylation. We have demonstrated earlier, that in Trichoderma, like in yeast, O-glycosylation is dolichol dependent and the key role in this
pathway is played by mannosyl phosphoryl dolichol synthase (MPDS). The activity of MPDS was elevated when water soluble phospholipid precursors such as
choline and Tween 80, known also to increase secretion of cellulases, were added to the growing medium. Subsequently we have demonstrated that another
enzyme of the dolichol pathway such as dolichol kinase (Dol/K), responsible for
the level of dolichylphosphate avaiable in the cell, can be activated in vivo by
modulation of the fungus growth conditions such as the presence of choline
and Tween 80 in the growing medium.
The possible mechanism of this effect has been studied and the explanation has been offered that the oberved effect of choline and Tween 80 on MPDS
and Dol-K activity might be due to the stimulation of ER membranes formation
by these agents (6).
To find out the more direct relation between the level of MPDS activity and
cellulase secretion we have taken advantage of using Trichoderma as a host for
the expression of recombinant protein. A uracil auxotroph, the TU6 strain of Trichoderma was transformed with yeast DPMI gene coding for MPD-Synthase.
Transformation resulted in the four to eight fold increase of MPD-Synthase activity. A heterologous expresion of the yeast gene was confirmed by the results of
Western blott analysis and the results of immunoprecipitation of the enzyme activity. The effect of the nutrient composition of the growth media on MPD-Synthase activity in the parental and transformed strain as well as on the one from
Saccharomyces cerevisiae was compared. Obtained results suggest that activity of MPD-Synthase after transformation could be modulated by the growth condition of the fungus in a manner similar rather to the enzyme from S.cerevisiae.
The most striking result however, was 4-5 time increase of protein secretion by
the transformed strain as compared to the parental one (7, 8) and [72].
In addition purification and photoaffinity labeling of yeast sterol glucoside
synthase was carried out [73] as well as the search for a phenotype of S.cerevisiae alg5 mutant perturbed in the synthesis of glucosylphoshodolichol [74]
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Publications:
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3. Szkopinska A., Karst, F. & Palamarczyk.G., (1993) Relantionships in glycosylation of sterols and dolichols in yeast mutants auxotrophic for ergosterol,
Glycobiology, 3, Abstract 15.01, p.533
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7. Kruszewska, J., Messner, R., Kubicek, C.P. and Palamarczyk, G.P. (1994)
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The occurrence and biosynthesis of isoprenoids in plants
T.Chojnacki, J.Hertel, W.Jankowski, E.Skoczylas,
E.Soszyhska, E.Swiezewska, R.Woldanski
The search for long chain polyprenols was continued. Polyprenols built up
from 30-50 isoprene units were found in Rosa and Potentilla, 30 species investigated (1,2), and longer ones "rubber-like' alcohols built up from up to 100 iso-
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prene units - in Combretaceae. Structural characterization of polyprenol mixture
from Lumnitzera racemosa [76] was done with collaboration of Prof. Y.Tanaka,
Tokyo Agricultural University, Japan (3). Chemotaxonomical studies are to be
continued on samples collected in Kew Royal Botanical Garden, London.
In vitro studies on prenylation of exogenous peptides using spinach cytosol
as the source of enzyme revealed the presence of isoprenyl diphosphate: protein transferase(s) of low specificity towards isoprenoids [75] (manuscript in
preparation).
Occurrence of prenylated proteins in spinach was demonstrated, new isoprenoid groups e.g. phytol and longer polyprenols together with farnesol and
geranylgeraniol were found to be covalently linked to proteins (4). Further experiments showed that isoprenylated proteins are located in many cellular compartments, in particular the mitochondria and nuclei [77] (paper submitted).
The studies on biosynthesis of plastoquinone and ubiquinone in spinach
described endoplasmic reticulum as the main site of formation of both lipids (5).
More careful subfractionation of chloroplast membranes confirmed that the
highest activity of the enzymes was found in ER, not in the chloroplast envelopes (paper submitted).
Arabinogalactan/arabinomannan biosynthesis in mycobacteria was investigated in collaboration with Dr. B.Wolucka, University of Louvain, Belgium. Decaprenyl-P-arabinose is an active intermediate in the biosynthesis of the arabinan
of bacterial cell wall (6).
The studies on cuticular lipids of leaves of Oenothera paradoxa have demonstrated the difference of lipid composition between surface lipids washed
out from the leaf by gentle washing with hexane and lipids from the oil from seeds. While the oil is rich in gamma-linolenic acid only alpha-linolenic acid is found on the surface. Additionally hydrocarbons, fatty acids, lipid esters and
traces of tocopherols and polyisoprenoids are found as dominating components of the cuticular lipids (7).
The occurrence of atypical chain length polyprenols was observed in Cappahs species, where additional family of longer - 20-22 isoprene units alcohols
together with 14-16 units were found (8).
Interesting microheterogenity of polyprenol mixture was found in leaves of
Sapindaceae; a mixture of main isoprenologues was accompanied by small
amounts of satellite lipids with similar chromatographical properties to polyprenols. These may be isomers differing in the number of cis- and frans-isoprene
residues in the molecule [78] (paper submitted).
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Mevalonic pathway lipids enzymes were studied in the collaborative studies
with Prof, G. Dallner group, Stockholm University, Sweden. Properties of microsomal cis- and trans- prenyl transferases and cytosolic geranylgeranyl diphosphate synthase were described (9). The effect of prenol-11 on model membranes
was studied and formation of fluid microdomains modulating membrane hydrophobic thickness by polyprenyl molecules was postulated (10).
Publications:
1. Swiezewska, E., Chojnacki, T., Jankowski, W.J., Singh, A.K., Olsson, J. The
occurrence of long chain polyprenols in leaves of plants of Rosacae family
and their isolation by time-extended liquid chromatography. Biochem. Cell
Biol. 1992,71,448-454
2. Swiezewska, E., Sasak, W., Marikowski, T., Jankowski, W.J, Vogtman, T.,
Krajewska, I., Hertel, J., Skoczylas, E. and Chojnacki, T. The search for plant
polyprenols. Acta Biochim. Polon. 1994, 41, 221-260
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The activity of c/s-prenyltransferase
in yeast Saccharomyces cerevisiae.
A. Szkopihska and G. Palamarczyk
The activity of c/s-prenyltransferase in different organisms has been investigated for over ten years. However, the final events leading to saturation of a-terminal double bond remains obscure. There are contradictory models explaining
how dolichyl phosphate - the intermediate taking part in all vital for cell functions
is synthesized. In this paper we present evidences based on experimental results indicating that final product of c/s-prenyltransferase in yeast is free polyprenol formed by the action of phosphatases as soon as chain length of
synthesized polyprenol pyrophosphate has been achieved. HPLC analysis proved that FL 100 accumulates in vivo dolichols and not prenols. This indicates
that free polyprenol is the substrate for «-reductase. Results of CTP -dependent
phosphoryiation of accumulated doiichol by kinase documented that in yeast
active form of this lipid intermediate (dolP) is synthesized from free doiichol.
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Expression of the Saccharomyces cerevisiae DPMI
(Mannosylphosphodolichol synthase encoding) gene
in Trichoderma reesei results in increased rate
of cellulase secretion.
Kruszewska, J.S, Palamarczyk, G.
Collaboration with the Technical University in Vienna

Recombinant strains of Trichoderma reesei were prepared, which overexpress mannosylphosphodolichol synthase (MPDS). For this a pyr4-auxotrophic
strain was transformed with a plasmid containing the pyr4 gene from N. crassa
and yeast DPMI (MPDS encoding) gene including its own expression signals.
Mitotically stable transformants, which contained DPMI gene integrated into
genomic DNA exhibited a 5-7 fold higher MPDS activity as compared to the parental strain. A heterologous expression of the yeast gene was confirmed by the
results of Western blott analysis and the results of immunoprecipitation of the
enzyme activity.
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The effect of the nutrient composition of the growth media on MPD-synthase activity in the parental and transformed strain as well as on the one from
Saccharomyces cerevisiae was compared. Obtained results suggest that the
activity of MPD-synthase after transformation could be modulated by the growth
condition of the fungus in a manner similar rather to the enzyme from S.cerevisiae. The strain overexpressing MPDS exhibited a 4-5 fold increase in cellulase
(cellobiohydrolase I) secretion. These results are in support of our previous hypothesis (Kruszewska et al.1990: J.Gen. Microbiol. 136,1293-1298) that level of
MPDS activity presents a bottleneck in the secretion of cellulases by Trichoderma reesei.

Biosynthesis of glucolipids in yeast;
Characterization of sterol glucoside synthase.
U. Lenart and G. Palamarczyk
Upon incubation of yeast microsomal membranes with UDP-GIc two glucolipids are formed i.e. glucosyl phosphoryl dolichol (GPD) and sterol glucoside
(SG).
Photoaffinity labeling of the membranes with the photoaffinity probe
[N3(P32)UDPGIc) allowed identification ol the protein involved in the synthesis
of GPD (1). However this probe, doesn't iabeled the protein involved in the synthesis of SG due to the lower affinity to the SG-synthase.
Therefore we have undertaken the effort of solubilization and partial purification of SG-synthase from yeast microsomal membranes in order to label the
protein with a highly reactive photoprobe i.e. tri-125J derivative of 5-[3-(p-Azido
salicylamide)]allyl- UDP-GIc. Solubilization of yeast microsomes with Triton X100 in the presence of glycerol and DTT, followed by ammonium sulphate precipitation and DEAE cellulose chromatography allowed to identify the protein of
MM aprox 60 kDa which subsequently will be photolabeled with a new probe, to
verify its identity with SG-synthase protein.
References:
1.Palamarczyk,G.,Drake,R.,Haley,B.&Lennarz,W.J.(1990) Proc. Natl. Acad.
Sci. USA 87,2666-2670.
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Yeast mutants deffective in the synthesis of glucosyl
phosphoryl dolichol (GPD)
Agnieszka Chacihska and Grazyna Palamarczyk
GPD serves as a donor of three glucose residues added to the non-reducing end of the lipid-linked oligosaccharide chain to complete its synthesis.
Subsequently the oligosaccharide is transfered to the asparagine residue of
protein thus converting it to a glycoprotein.
It has been earlier reported that two Saccharomyces cerevisiae mutants i.e.
alg5 and dpg1 are impaired in the synthesis of GPD and alg5 and dpg1 genes
do complement each other (1). Apart of beeing deffective in the synthesis of
GPD none of the single mutants shows any phenotype. We have undertaken
the effort to "couple" the phenotype to alg5 and dpg1 mutation.
Our experimental approach relied on the sporulation of heterozygous diploid (alg5 dpgi) followed by spore isolation and tetrads analysis to find haploid
strain carrying both mutations. The double mutant will be examined for the possible deffect in protein secretion.
References:
LBallou, L, Gopal, P., Krummel, B., Tammi, H. & Ballou C. E. (1986) Proc.
Natl. Acad. Sci. USA 83, 3081-3085.
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The occurrence of protein :
prenyltransferase activity in spinach cytosol
Elzbieta Skoczylas and Ewa Swiezewska
Posttranslational modifications of proteins are very common in many biological systems and are usually associated with important physiological functions
or regulatory mechanisms. Prenylation appears to be of crucial importance for
signal transduction, regulation of cell growth and differentiation. Up to now mainly short chain isoprenoids were described as covalently bound to the protein
molecule: farnesol or geranylgeraniol, linked by thioether linkage, although binding of longer chain polyprenols and polyprenyl phosphate has been postula-
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ted in plants. Many experiments were done to prove the phenomenon of prenylation of peptides in animal and fungi.
The main aim of this research is to demonstrate the occurrence of protein
prenyltransferase in plant system and to find the optimal conditions for formation of prenylated exogenous peptide. The synthetic nonapeptide acceptor
(CVIM sequence, specific for farnesol residue) was used for incubation with different tritium labelled isoprenoids: farnesyl diphosphate, geranylgeranyl diphosphate, phytyl diphosphate, solanesyl diphosphate and undecaprenyl diphosphate in presence of cytosol from spinach seedlings as an enzyme source. In
all cases the formation of labelled product - prenylated peptides was observed,
although farnesyl diphosphate seemed to be the best substrate.
Experiments on the influence of different factors: cations, detergents, various inhibitors are discussed.
Further investigations will be focused on purification and characterization of
protein: prenyl transferase(s).

Long-chain rubber-like polyprenols
in leaves of Lumnitzera racemosa
Elzbieta Skoczylas and Tadeusz Chojnacki
Polyprenols of exceptionally long chain have been found in mangrove
plants (South East Asia). The samples of leaves were taken from places of their
natural occurrence. Dry leaves were extracted with hexane: acetone (9:1, by
vol.). Extracts were hydrolized and chromatographed on Silica Gel column. Total isoprenoid-containing fraction was analysed using HPLC and NMR. The
most interesting rubber-like isoprenoid substances were found in Lracemosa.
In this mixture polyprenols were found as esters of fatty acids (mainly 16:0, 18:3
and 18:2). Upon HPLC separation on ODS type column one could distinguish
two polyprenol families: one with the dominating component composed from 16
isoprene units, and the second, very broad group in which prenols composed
from 23, 24 and 25 residues were dominating and which contained an almost
endless sequence of prenologues (more than 100 residues). Various fractions
of polyprenols from Lracemosa were examined by 1H-NMR and typical 6\-transpoly-c/s structure was confirmed.
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Isoprenylation of plant proteins in vivo
Ewa &wiezewska and Gustav Dallner
Isoprenylation of proteins is a common cellular event, which until recently
has not been studied in plants in great details. It has been estimated that as
much as 2% of total mammalian cell protein is isoprenylated. Proteins previously shown as being isoprenylated include small GTP-binding proteins, nuclear lamines and gamma-subunits of heterotrimeric G-proteins. Recently, a
large amount of interest has been focused on protein isoprenylation since it
was established that several members of the Ras superfamily were modified in
this manner. These proteins regulate a variety of functions including control of
cell growth and differentiation, cytokinesis and membrane trafficking.
In our in vivo system protein isoprenylation of spinach seedlings is demonstrated using [3H]mevalonate. Seedlinds without roots were labelled quantitatively through the cut stem. Mevinolin treatment of the seedlings resulted in
increased incorporation of radiolabel into proteins. Approximately 30 labelled
bands could be detected after autoradiography of SDS-PAGE- separated polypeptides, ranging in molecular mass from 6-200kDa. Methyl iodide hydrolysis
resulted in the release of covalently-bound farnesol, geranylgeraniol, phytol and
some unidentified isoprenoid compounds from mevalonate-labeled proteins. It
was found that ail cellular fractions contained some isoprenylated proteins,
although most were located to the mitochondria and nuclei.
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Leaves of plants belonging to Sapindacae family contain
prenol-13 or -14 as the main components of polyprenol mixture
Wiesfaw Jankowski and Tadeusz Chojnacki
The most commonly occuring plant polyprenol - undecaprenol was found in
many plant species belonging to angiosperms. It was described in several
plants belonging to Euphorbiaceae, Lauraceae, Magnoliaceae, Moracae, etc.
The most typical for gymnosperm plants are polyprenols composed from 16
and more isoprene residues grouped in one or more usually confluent sets of
prenols. Surprisingly polyprenols extracted from leaves of Rosacae are similar

-132-

to those of gymnosperms both with respect of chain length, complexity of natural mixture and the content of frans-configured isoprene units. The accumulation in leaves of mixtures of polyprenols with dominating C45- or C65- and
C7o-prenols had been found so far rarely. Preliminary search for polyprenols of
this chain length had indicated that these polyprenols could be found in Capparidaceae, Sapindaceae and Sterculiaceae.
In all studied nine species of Capparidaceae polyisoprenoid alcohols composed of 12, 13, 14 or 15 formed the main polyprenol family. Examination of several species belonging to Sapindaceae family have substantially widened our
knowledge of the occurrence of these characteristic prenols in this taxon. C65and C7o-prenols were dominating in leaves of all studied plants. In spite of being identical or similar in the chain length to gymnosperm prenols, the lipids of
Caparidaceae and Sapindaceae have //7-trans structure.
Additionally interesting microheterogenity of polyprenol mixture was found
in leaves of Sapindaceae; a mixture of main isoprenologues was accompanied
by small amounts of satellite lipids with similar chromatographical properties to
polyprenols. These may be isomers differing in the number of cis- and frans-isoprene residues in the molecule.
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Regulation of sulfate metabolism in Enterobacteriaceae
Maria D. Hulanicka
Most genes required for cysteine biosynthesis in Enterobacteriaceae constituting cysteine regulon are positively regulated by the cysB transcriptional activator belonging to the LysR family of regulatory proteins.
Our recent studies on the cysteine regulon concern:
1. The molecular mechanism of interaction of CysB with responsive promoters;
2. Identification of the cbl gene encoding a new member of LysR family and
regulated in paralell with the cysteine regulon.
ad 1. In vitro studies on the cysJIH, cysK, cysP and cysB promoters have
identified several distinct types of CysB binding sites about 40 bp long which
can be categorized according to their function and responses to the inducer, Nacetylserine (NAS) as: "activation sites", "repressor site" or "accessory sites". Hydroxyl radical footprinting revealed that: (a) "activation sites" (as well as some of
"accessory sites") in positively regulated promoters are composed of two convergently oriented 19-bp half-sites separated by 1 or 2 bp and, (b) "the repressor site" in the cysB promoter contains divergently oriented 19-bp half-sites
separated by one or two helical turns. The two topological types of half-site arrangements also differ by response to the inducer (NAS): NAS stimulates the
CysB binding to the first type site and inhibits binding to the second type site
(2). Stoichiometry experiments with 35S-labeled protein and 32P-labeled promoter fragments showed that CysB protein binds DNA as a tetramer. In the cysK
and cysP promoters and in the absence of NAS a single CysB tetramer can
bind simultaneously to the activation site and portion of the adjacent accessory
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site inducing a bend in DNA. The bend is partially relieved by NAS which stimulates preferential binding of CysB to the activation site only (1).
The results of these studies allowed us to propose a model in which the
CysB tetramer uses different "faces" of subunit combination for various binding
sites and modes of interaction accounting for activation or reppression transcription and the DNA bending phenomenon (2).
ad 2. We have undertaken studies on the gene initially identified in Klebsiella aerogenes and coding for a protein with predicted amino acid sequence very
similar to that of CysB (50% homology) including the presence of the helix-turnhelix motif typical for the LysR family. The gene designated by us cbl (cysfl-/ike)
has also been identified in E. coli. We have it cloned and determined its DNA
sequence. The precise position of the gene on the E. coli chromosomal map
has been located on 43.5 min between asnLJ and asnV encoding tRNAAsn1 and
tRNAAsn2, respectively. Studies on the in vivo expression of the cbl gene
measured as an expression of the protein fusion (cbl-lacZ) (Hyb) from a low-copy plasmid revealed that it is subject to regulatory factors typical for the cysteine regulon: functional CysB protein, sulfur starvation and presence of the inducer, acetylserine. Wehave found that cbl in contrast to cysB is poorly autoregulated. The cbl insertion mutant has been constructed: it remains to be the cysteine prototroph. The physiological role of the gene in the cysteine regulon is
at present unknown [81].
Publications:
1. Hryniewicz M. M. and N. M. Kredich.1994. Stoichiometry of binding of CysB to
the cysJIH, cysK, and cysP promoter regins of Salmonella typhimurium. J.
Bacteriol.176, 3673-3682.
2. Hryniewicz M. M. and N. M. Kredich. 1994. Hydroxyl radical footprins and
half-site arrangements of binding sites for the CysB transcriptional activator
of S. typhimurium. J. Bacteriol. in press.
3. Hryniewicz M., Iwanicka R. and D. Hulanicka. 1994. cbl, A new gene coding
for a member of the LysR family of transcriptional regulators belongs to cysteine regulon of E. coli. Submitted.
4. Sirko A., Zehelein E., Freundlich M., Sawers G. 1993. Integration host factor is
required for anaerobic pyruvate induction of pfl operon expression in Escherichia coli. J. Bacteriol. 175, 5769-5777.
5. Freundlich M. Ramani N., Mathew E., Sirko A. and Tsui P. 1992. The role of
integration host factor in gene expression in Escherichia coli. Mol. Microbiol. 6, 2557-2563
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6. Zatyka M., Sirko A., Jagura-Burdzy G., Hryniewicz M. and Hulanicka D. 1992.
Cysteine regulon of Enterobacteriaceae. Post. Biochem. 38, 46-48.

The structure and function of potato leafroll luteovirus
D. Hulanicka in collaboration with W. Zagdrskl.
Infections by potato leafroll virus (PLRV) result in important losses of potatoes. Therefore, we have undertaken broad range studies on this virus.
The nucleotide sequence of the whole genome of the Polish isolate of PLRV
(PLRV-P) has been determined [79]. Further work involved: 1. The construction
of transgenic potatoes resistant to PLRV infections. 2. Studies of the expression
of the PLRV genome. 3. The synthesis of a full copy of the PLRV genome under
T7 promoter in order to get infectious transcripts.
Ad 1. Three groups of plasmids carrying the appropriate viral cDNA fragments were constructed: a) Plasmids containing cDNA fragments containing
the region of the coat protein gene (CP); b) Plasmids carrying cDNA covering
the leader sequence of the subgenomic RNA (sgRNA), CP gene and a fragment of the open reading frame (ORF6); c) Plasmids carrying cDNA fragments
covering the 3' and the 5'end of the genome. The agroinfection technique has
been used to obtain transgenic potato (cultivar Bzura). Several lines of transgenic plants were selected. The presence of viral genes and their expression in
transgenic plants has been confirmed by hybridisation techniques. The transgenic plants are being tested for their resistance to PLRV in the Potato Research Institute at Mfochow.
Ad 2. The expression of the ORF3 coding for the putative viral replicase has
been studied. Using in vitro transcription and translation systems we have
shown that the ORF3 is expressed by -1 ribosomal frameshifting. To investigate
the structural requirements for efficient frameshifting, mutants in the stem-loop
or in the potential pseudoknot regions of PLRV-P have been constructed. The
results obtained suggest that in the strain of PLRV used in experiments, a pseudoknot is required for efficient frameshifting [82]. Further experiments concerned the expression of ORF's located in the sgRNA. Three ORF (ORF4, ORF5
and ORF6), located in the 3'end region of the viral genome, are translated from
sgRNA. The results obtained using in vitro translation systems indicated the fol-
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lowing: a) The CP and 17K ORF's are translated from the same RNA template
by initiation at out-of- frame AUG initiation codons. b) Translation of the 17K protein can be initiated at either the first or the second AUG codon in ORF5, even
though the second AUG codon is in a better context, c) The presence of the
subgenomic leader sequence significantly decreases expression of both ORF4
and ORF5.
We have shown that expression of ORF6 in vitro occurs by readthrough
UAG codon mechanism as was previously observed in vivo. It was also demonstrated that the presence of supressor tRNA is necessary for translation of
ORF6.
Ad 3. The other line of our research concerns the construction of infectious
transcripts of PLRV-P. Full copies of the PLRV genome were constructed using
appropriate cDNA fragments from the viral cDNA library. Each copy was positioned under the T7 promoter. The experiments with electroporation of tobacco
protoplasts are in progress. The preliminary results indicate that the incorporated transcripts are replicated in the protoplasts.
Publications:
1. Patucha A., Sadowy E., Kujawa A., Juszczuk M., Hulanicka M. "Nucleotide Sequence of RNA of a Polish Isolate of Potato Leafroll Luteoirus' Acta Bioch.
Polon. 1994,41 3/4
2. Kujawa A. B., Drugeon G., Hulanicka D., Haenni A.-L"Structural requirements
for efficient translational frameshifting in the synthesis of the putative viral
RNA-dependent RNA polimerase of potato leafroll virus" Nuc. Acids Res.
1993.21 2165-2171.
3. Hulanicka D., Palucha A., Zagorski W. "Niekonwencjonalne strategie ochrony
roslin przed infekcjami wirusowymi." Post. Bioch. 1994, 40 91-96.

Molecular Mechanisms of the Induced Mutagenesis
in Escherichia coli and Saccharomyces cerevisiae
Zygmunt Ciesla, Ewa &ledziewska-G6jska, Piotr Jonczyk, Magdalena
Kanabus, Adrianna Nowicka, Piotr Mieczkowski and Michal Jaworski
Exposure of Escherichia coli to a variety of DNA damaging agents such as
UV light or chemical mutagens results in the inducible SOS mutagenic respon-
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se. A number of lines of evidence support the idea that DNA polymerase III,
UmuDC proteins and RecA protein are involved in SOS mutagenesis. It has been postulated that Pol III has to be modified in vivo to be able to synthesize DNA
across lesions in the template. One postulated modification of Pol III was inhibition of the proofreading 3'-5' exonuclease activity of the e subunit, encoded by
the dnaQ gene. Our previous work showing that overproduction of c counteracts the SOS mutagenic response of E. coli seemed to be consistent with this
hypothesis.
To further explore the nature of the antimutagenic effect of e we have constructed plasmid pMK17, which encodes only two of the three highly conserved
segments of c, Exol and Exoll: the third segment, Exolll, which is essential to the
3'-5' exonuclease activity, is deleted. Overproduction of this truncated e significantly delays production of single-stranded phage M15. suggesting that the protein retains capability of binding to the DNA. Surprisingly, overproduction of this
truncated E causes 10-fold decrease in the frequency of UV-induced mutations.
This antimutagenic effect of the truncated e is effectively relieved by excess
UmuD.C proteins. We have also found that the presence of plasmid plP21,
which contains the dnaO49 allele encoding the c subunit defective in proofreading activity, nearly completely prevents generation of UV-induced mutations.
We propose that the DNA binding property of e rather than its 3'-5' exonuclease
activity affects processing of premutagenic UV-induced lesions, possibly by the
interference of free c with the interaction of the UmuC-UmuD-RecA complex with
Pollllholoenzyme(1).[83]
To get further insight into a role of UmuC protein in the induced mutagenesis of E. coli we took advantage of our observation that the dnaQ49 strain possessing defective c subunit of Pol III, and carrying the lexA71 mutation, which
causes derepression of the SOS regulon, is totally unable to maintain high-copy
number plasmids containing the umuC gene. This suggests that a high cellular
level of UmuC is harmful to the defective Pol III. We have used this finding for
selection of new plasmid umuC mutants. We have analyzed the properties of
two such mutants, umuC6l and umuC95. In the umuC122::Tn5 strain harboring
the mutant plasmids UV-induced mutagenesis is severely decreased compared
to that observed with the parental umuC+ plasmid. Interestingly, while the frequency of UV-induced GC -» AT transitions is greatly reduced, the frequency of
AT -• TA transversions is not affected. Both mutant plasmid bear frameshift mutations within the same run of seven A residues present in umuC . In both
umuC61 and umuC95 translation is partially restored to the proper reading frame resulting in a reduced cellular level of UmuC. We propose that under condi-139-

tions of limiting amounts of UmuC, the protein preferentially facilitates processing of only certain kinds of UV-induced premutagenic lesions (2).
O6methylguanine originates GC -» AT transitions which dominate in mutagenesis induced by alkylating agents. Using the genetic system for determination of mutagenic specificity based on analysis of tRNA suppressors (3) we
have shown that GC -» AT transitions induced by MMS (methyl methanesulfonate) are not affected by the cellular level of O6methylguanine-DNA methyltransferase (MGMT), responsible for specific repair of O6methylguanine in DNA (4).
Comparison of the repair of DNA lesions induced by MMS in vivo and in vitro
[85] and determination of the MMS effect on MGMT activity in vivo (5) allowed
us to confirm that O6methylguanine originates GC -» AT transitions induced by
MMS. We have also shown that Sn2 alkylating agents block the main pathway
of the repair of O6methylguanine-DNA in E. coli cells by inactivation of MGMT.
The expression of approximately 20 genes of Saccharomyces cerevisiae is
known to be induced after treatment with DNA damaging agents. With the use
of the plasmid pSZ211, E. coli-S. cerevisiae shuttle vector which contains the
lacZ gene without an active promoter, we have isolated several fusions of S. cerevisiae genes with lacZ , the expression of which is induced by MMS and UV
light. One of these fusions, designated DIN7, is now characterized in detail.
DNA nucleotide sequencing of the N-terminal part of the gene shows that it represents a novel type of S. cerevisiae gene which is induced by DNA damaging
agents. [84]
Publications:
1. Kanabus M., Nowicka A., Sledziewska-Gojska E., Jonczyk P., and Ciesla,.Z.
(1994) MGG, submitted
2. Nowicka A., Kanabus M., Sledziewska-Gojska E., Ciesla Z. (1994) MGG
243: 584-592
3. Sledziewska-Gojska E., Grzesiuk E., Ptachta A.,Janion C. (1992) Mutagenesis

7:41-46
4. Sledziewska-Gojska E. (1993) Mutation Res., DNA Repair 294: 1-8
5. Sledziewska-Gojska E. (1994) Mutation Res., DNA Repair-in press
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Studies on streptococcal genes of biotechnological importance
Piotr Cegtowski
Pathogenic streptococci secrete various proteins into the extracellular environment, some of which have been implicated in human disease (1-3). Despite
their role in virulence two of the secretory proteins produced by group C streptococci - streptokinase (Skc) and streptodornase (Sdc) have been used therapeutically. The plasminogen activator, Skc, has been widely used as a
thrombolytic agent in some arterial diseases. In combination with Sdc, which is
a DNase, Skc also has been used for breaking down blood clots and fibrinous
exudates. Genes encoding Skc and Sdc have been previously cloned by us
(Wolinowska et al., 1991. Gene 106:115-119).
Recently, we have also become interested in the Lactococcus lactis gene
encoding dihydrofolate reductase (DHFR). As this gene originates from harmless lactic acid streptococci it (or its product) can find several applications in
pharmaceutical and food industries, e.g. as a selection marker or as an "affinity
handle".
Our team is currently working on three projects concerning the skc and dhfr
genes. The progress is summarized below.
1. Molecular analysis of dhfr gene from Lactococcus lactis.
(Cooperation with Dr. G. Venema, University of Groningen, Holland)
The L. lactis dhfr gene has been previously cloned and expressed in Grampositive and Gram-negative bacteria (4). Since DHFR plays a central role in one
carbon unit metabolism, the transcription analysis and also experiments designed to test whether this gene is dispensable have been performed. We have found that the transcription starts immediately upstream the dhfr gene and that it
belongs to a bigger transcription unit. Results of our preliminary observations
also indicate that the dhfr gene may be essential for L. lactis [88]
2. Direct genetic manipulations on the industrial producer of Skc,
Streptococcus equisimilis H46A.
The methods of gene transfer for S. equisimilis were not known. We have
elaborated the electrotransformation method for this bacterium which gives up
to 105 transformants/^g plasmid DNA.
In the realization of this project we have combined our knowledge gained
from studies on: (i) skc gene, (ii) replication and maintenance systems of streptococcal plasmid pSM19035, (iii) dhfr gene from L. lactis. Low- and high-copy
number plasmids bearing the skc gene have been constructed, some of them
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carrying the L.lactis dhlr gene as a selection marker. Our results indicate that by
increasing the number of skc copies only a 2-3 fold increase in Skc production
can be achieved and that the barrier in further enhancement of Skc production
may be at the stage of the Skc translation/secretion [ 87 ].
3. Secretion of Skc fusion proteins from Escherichia coli cells through
the hemolysin transporter.
In search for the alternative secretion systems for the Skc protein we took
advantage from our previous observations that the skc gene can be highly
overexpressed in E. coli. Most of the Skc is, however, associated with the cells.
We have constructed in-frame fusions of the skc gene with the 3'-terminal parts
from the gene encoding hemolysin A (HlyA) that are known to encode the C-terminal, sec-independent secretion signal. Using the HlyB, HlyD, TolC transport
system we have achieved the secretion to the medium of some Skc-HlyA fusions by E. coli cells. We have found that the secretion efficiency does not depend on the length of the C-terminal secretion signal but the fusion protein
must be devoid of its N-terminal signal peptide. The major obstacle in this approach may be the proteolytic degradation of the fusion proteins inside E. coli
cells (5), [86]
Publications:
1. Wolinowska, R. 1993. Genetics of virulence factors of Streptococcus pyogenes and enterococci. I. A virulence regulon in Streptococcus pyogenes.
Post. Mikrobiol. 32:179-196
2. Wolinowska, R. 1993. Genetics of virulence factors of Streptococcus pyogenes and enterococci. II. Other genes encoding virulence factors of Streptococcus pyogenes and enterococci. Post. Mikrobiol. 32:197-220
3. Wolinowska, R. 1993. Genetics of virulence factors of oral streptococci. Post.
Mikrobiol. 32:253-270
4. Leszczyriska, K., Bolhuis, A., Leenhouts, K., Venema, G. and Cegtowski, P.
1994. Cloning and molecular analysis of the dihydrofolate reductase gene
from Lactococcus lactis. Submitted to: Appl. Environ. Microbiol.
5. Kern, I. and Cegtowski, P. 1994. Secretion of streptokinase fusion proteins
from Escherichia coli cells through the hemolysin transporter. Submitted to:
Gene
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Maintenance of pSM 19035 - derived plasmids in Bacillus subtilis
Piotr CegJowski
Cooperation with the Group of Dr. J.C.AIonso. Max-Planck Institut fur molekulare Genetik, Berlin,
FRG

The 27.2 kb low copy number plasmid pSM19035 and its derivative pDB101
(19.2 kb) have extraordinarily long inverted repeated sequences that comprise
80% and 76% of the molecule, respectively. Both pSM19035 and pDB101 replicate by a theta mode (1) and are stably inherited in Gram-positive bacteria of
low G + C content.
The complete nucleotide sequence ol pDB101 has been determined (2,4).
The inspection of this sequence revealed nineteen open reading frames (orfs),
six of which are present twice within the plasmid genome. Using the phage T7
based overexpression system the proteins encoded by all orfs were detected
(2,4).
Removal of one of the arms from the repeated region of pDB101 led to the
construction of plasmid pBT233. This plasmid is devoid of repeated sequences
and contains nine out of nineteen orfs from pDB101. Similar to the parental
plasmid, pBT233 is stably inherited in B. subtilis cells (2). Its stable maintenance
is dependent on adjacent by separable replication and segregation (seg) regions.
By investigating a set of in vitro generated deletions, two distinct regions involved in stable inheritance (segA and segB) have been identified (2,3). An extended segA region comprises three orfs - o, [i and y that encode proteins of 6.8
kDa, 23.8 kDa and 81.3 kDa, respectively. Deletions in orf/j lead to a high accumulation of plasmid multimers in a rec-deficient background. Resolution of oligomers requires an active (i protein or the rec-proficiency of the host (3). The (i
protein has significant homology to a family of enzymes involved in site-specific
recombination. The orf y encodes protein that shares homology with the E. coli
topoisomerase I. Inactivation of this orf does not affect, however, the stable maintenance of pBT233 under experimental conditions used (2,3).
The extended segB region consists of three orfs - 6,c and £ that encode
proteins of 34.4 kDa, 10.7 kDa and 32.4 kDa, respectively. The conserved motifs
present in a family of ATPases were identified in the d protein and motifs usually
associated with the NTP binding proteins have been found in the L protein (2).
Deletions within orf £ drastically reduce plasmid stable maintenance. When
pBT233 contains destroyed both orfs/J and C its stability is obolished.
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Both segA and segB function independently of each other in theta- and
sigma-replicating plasmids (2,3). These results suggest that the pBT233 stabilization relies on a complex system involving a resolution of plasmid oligomers
(segA) and on the functions encoded by the segB region.
Publications
1. Ceglowski, P., Lurz, R. and Alonso, J.C. 1993. Functional analysis of
pSM19035- derived replicons in Bacillus subtilis. FEMS Microbiol. Lett. 109:
145-150
2. Cegtowski, P., Boitsov, A., Chai, S. and Alonso, J.C. 1993 Analysis of the stabilization system of pSM19035-derived plasmid pBT233 in Bacillus subtilis.
Gene 136:1-12
3. Cegfowski, P., Boitsov, A., Karamyan, N., Chai, S. and Alonso , J.C. 1993.
Characterization of the effectors for stable inheritance of Streptococcus
pyogenes pSM19035-derived plasmids in Bacillus subtilis. Mol.Gen.Genet.
241: 579-585
4. Cegfowski, P. and Alonso, J.C. 1994. Gene organization of the Streptococcus pyogenes plasmid pDB101: Sequence analysis of the orftj-copS region. Gene 145: 33-39

Temperature sensing in Escherichia coli
Tadeusz Ktopotowski
We are interested in mechanisms of sensing temperature and transmitting
this information to the bacterial chromosome. The studies on heat shock did not
provide evidence for molecular thermometer. We practice another approach.
Exposure to freezing temperatures and subsequent water crystallization has
dammaging effect on cell structures and macromolecules. The living organisms,
especially bacteria and plants, developped during the evolution mechanisms increasing their viability at low temperatures. The cold shock regulon of enteric
bacteria has became lately a hot topic in molecular biology.
We have previously found that there are two distinct patterns of temperature effects on cps genes encoding the enzymes required for synthesis of colanic
acid, the capsular polysaccharide of Escherichia coli K-12. The first occurs in
wild type strains and Ion mutants. The activity is higher when cells grow at low
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temperatures. The derepression of cps transcription occurring in Ion cells was
shown by other authors to result from higher content of rcsA gene product, a
positive regulator of cps operon transcription. The Ion gene codes for ATP-dependent protease which degrades the unstable RcsA protein. The other pattern
we discovered in dsbB mutants and strains carrying skc plasmids: cps transcription is higher at higher temperatures, although it is also dependent on activity of rcsA and rcsB gene products.
Now we report on the results of our new approaches. One consists in having isolated Tn5/ac insertion mutant carrying rcsA131::lacZ fusion [89]. When
this strain was grown at 10°C the activity of the reporter enzyme increased. The
induction persisted for about one hour after shifting the cultures back to 37°C.
The result of this experiment pointed to a likely participation of cold shock elements in low growth temperature induction of rcsA expression. For an identification of gene products involved in cold-shock regulation of rcsA gene a cloning
experiment was made. The procedure consisted in selection of wild-type genes
capable of increasing colanic acid production when present on a multicopy vector. One such recombinant plasmid, p302, carried a 4.2 kB Pst\ fragment. In
strains carrying cps-10::lacZ or rcsA131 ::lacZ the p302 plasmid caused 5 to 10fold increase of activity.
For identification of the gene affecting expression of cps operon and rcsA
gene 4.2-kb insert of p302 was analyzed using restriction enzymes. A series a
derivative plasmids were made by deleting in vitro some DNA fragments. Two
plasmids with partialy deleted inserts carried together all insert DNA and overlapped on a short segment delineated by PvuW and AsuW sites, but neither of
them was capable of producing mucoidy. This indicated that the overlapping
segment was located within the gene responsible for mucoidy. DNA of the Hincll fragment which should have contained the Pvu\\-Asu\\ fragment was sequenced. It was found to be 306 nucleotides long and to have PvuW and -Astvll sites.
When compared with a DNA database its sequence appeared to be 100% identical with a part of the cspC gene. This result strongly suggests that the cspC
gene product is involved in control of rcsA and cps expression. Neither the
cold-shock cpsC gene product nor the heat-shock Ion protease seem to act directly on rcsA promotor. Therefore, they must affect the activity of some other
factor combining with this promoter.
The other approach was started by having mapped mutations which cause
E. coli colony mucoidy and increased expression of cps operon in a new gene
[90], We have transferred it onto a plasmid and sequenced. The comparison of
the sequence with GenBank data indicated that the affected gene was identical
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with dsbB gene coding for the membrane component of the system catalyzing
disulfide bond formation in proteins exported to periplasm.
The increase in cps::lacZ expression observed in dsbB mutants differed
from that in Ion mutants: it showed an inversed dependence on temperature,
i.e. the expression at low growth temperatures was at lower level. The other peculiar feature of the cps derepression caused by dsbB mutations was its dependence on integrity of rcsC gene. In a dsbB strain carrying a Tn5 insertion
into rcsC gene no colony mucoidy was observed. Concurrently, when the strain
carried a cps::lacZ fusion its expression was low.
A similar phenotype was caused by plasmids carrying skc gene derived
from Streptococcus equisimilis. The strains carrying the skc plasmids grew
poorly and formed mucoid colonies. Expression of the cps::lacZ fusion was increased and ressembled that of dsbB mutants and not that of Ion mutants.
Moreover, when the y.rcsC Tn5 mutation was introduced to strains carrying skc
plasmid the resulting strains were not mucoid or had low expression of
cpsy.lacZ fusion. Recombinant derivatives of the skc plasmid, contributed by
P. Cegtowski, were used to see what element of the skc gene was responsible
for the effects on cps system. It turned out that removal of long C-terminal part
of skc did not change the skc effects. On the other hand, the plasmid mutant
devoid of skc signal sequence did not cause colony mucoidy or any of the other effects. These facts pointed to the notion that export of skc gene product
from the cytoplasm to inner membrane and periplasmic space was required for
the observed phenotype changes to occur. Most likely the catalytic activity of
streptokinase did not play any role in these processes.
Thus, the two conditions: insufficient disulfide-bonding of exported proteins
caused by dsbB mutation or by the gram-positive skc gene product ressemble
each other in four aspects: 1. They affect processes in periplasmic space; 2.
They induce cps operon and exopolysaccharide production; 3. The level of the
induction is higher at higher growth temperatures; 4. The induction depends on
integrity or rcsC gene.
Results of our other findings indicate that cps operon is under control of
cold-shock regulon, which causes induction to be higher at low temperatures.
Apparently, the periplasmic functions defective in dsbB mutants and strains exporting skc protein are normally required for the cold-shock effects on cps operon.
RcsC protein apparently participates in information transfer on the periplasmic defects to the cytoplasm where cps operon resides on the chromosome. It
is anchored by two hydrophobic domains in the inner membrane. The periplas-
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mic loop of RcsC has two cysteine residues with a potential of forming a disulfide bond. To check this hypothesis localized mutagenesis of the respective cysteine codons can be used to see if the information on the dsbB defect in
making disulfide bonds is transmitted by disruption of the disulfide bond in the
RcsC loop.
For many years we have studied mechanisms allowing a two-step process
of D-amino acid racemization to occur in enteric bacteria. Lately we have reported on the structure of dad operon of Eschehchia coli K12 (1). It consists of two
genes, dadA and dadX, coding for a subunit of D-amino acid dehydroganase
and catabolic alanine racemase, respectively. The operon was sequenced and
promoter region was studied in some detail. Alternative Shine-Dalgarno sites
were found and origin of transcription was localized using primer extension method. The binding site for CRP protein was identified which is consistent with
our former results on catabolic repression of the operon. We have an evidence
that dad operon is regulated by leucine. A further study on the operon regulation may shed some light on the enigmatic LRP regulon.
Publications:
1. M. tobocka, J. Hennig, J. Wild, T. Ktopotowski: Organization and expression
of the Escherichia coli K-12 dad operon encoding the smaller subunit of Damino acid dehydrogenase and the catabolic alanine racemase. J. Bacteriol. 176, 1500-1510, 1994
2. Evtuchenkov, A., Olekhnovich, I., Krajewska-Grynkiewicz, K., Klopotowski, T.
(1994) Cold-shock regulation of rcsA gene in Escherichia coli K-12. Gene
(submitted for publication).
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Construction of plant transforming plasmids
carrying different fragments of potato leafroll luteovirus cDNA
- analysis of transgenic potato
Andrzej Patucha
In recent years the development of plant transformation methods allowed to
obtain plant expressing foreign genes. Expression of viral genes or viral antisense RNA-s protect the transgenic plant against viral infection. Potato is one of
the most important agronomical crops in Poland and infection with PLRV results
in serious agronomical losses.
The first step of my project was to obtain a library of cDNA clones related to
the viral genome of the Polish isolate of PLRV (PLRV-P). Several strategies of
cDNA synthesis have been used. The sequence of the whole genome of
PLRV-P has been determined and published.
In the next step of my work appropriate cDNA fragments were cloned in two
binary vectors pBI121.2 and pROK2 in order to obtain plasmids for agroinfection experiments.
Three groups of plasmids were constructed: a) Plasmids carrying cDNA
fragments covering the region of the coat protein gene (CP). b) Plasmids carrying cDNA covering the leader sequence of the sgRNA, CP gene and fragment
of ORF6. c) Plasmids carrying cDNA fragments covering the 3'end or the 5'end
of the genome.
All cDNA fragments have been cloned in both orientations, sense and antisense.
All the constructed plasmids were conjugated into Agrobacterium tumefaciens by triparental mating or electroporation. The agroinfection technique has
been used to obtain transgenic potatoes (cultivar Bzura). Selected plants were
analysed for the presence of viral genes and their expression by hybridisation
techniques. Further agroinfection experiments are in progress.
The transgenic plants are being tested for their resistance to PLRV infection.
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Construction of infectious transcripts of potato leaf roll virus
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Analysis of infectious transcripts play a key role in research on the biology
of plant viruses with ssRNA genomes. Promoters active in in vitro systems (T3,
T7 or SP6) enable efficient transcription of a cDNA copy of the viral genome.
The obtained transcripts are used for protoplast inoculation. An alternative approach uses a cDNA copy of the viral genome under the control of the 35S promoter active in plant cells. Mutagenesis in vitro of a cDNA clone allows the
functions of particular viral open reading frames (ORFs) to be established.
Potato leafroll virus is a member of the luteovirus group. The Polish isolate
(PLRV-P) shows a high similarity to the other isolates described so far. Its genome consists of a single 5.9kb (+) RNA molecule. Several cDNA clones, random
and specifically primed were obtained and the whole sequence of PLRV-P was
determined. The 5' end (350nt) was sequenced at the RNA level.
Four of the obtained cDNA clones were selected to assemble a cDNA genome copy using the restriction sites occuring in the sequence. The full copy was
positioned under T7 promoter and it ended with the the unique Seal site enabling synthesis of "run-off" transcripts with 3' end identical to the end of the viral
genome. First experiments on inoculation tobacco protoplasts with transcripts
via electroporation show the synthesis of the viral genomic and subgenomic
RNA.

cbl, a new gene coding for a member
of LysR family of transcriptional regulators,
belongs to cysteine regulon of Escherichia coli
Roksana Iwanicka and Monika Hryniewicz.
Cysteine serves as the precursor of most if not all other reduced organic
sulfur forms in Enterobacteriaceae. Most genes required for cysteine biosynthesis are positively regulated by cysB which encodes the transcriptional activator
belonging to the LysR family of regulatory proteins.
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We have cloned and sequenced the new gene of E. coli designated cbl
(cysB-Wke) which deduced amino acid sequence shows strong similarity to
CysB (50% identical residues and the presence of helix-turn-helix motif typical
for LysR family). The in vivo expression of cbl measured as an expression of the
cbl-lac fusion is controlled by elements typical for cysteine regulon: CysB, sulfur
starvation and presence of the inducer, acetylsenne. Promoter region of the cbl
gene has been identified by primer extension analysis and binding of purified
CysB protein in vitro. The precise position of cbl on the E. coli chromosomal
map has been established on 43.5 min between asnLJ and asnV genes. An insertion cbl mutant has been constructed; it does not show the cysteine requirement for growth. Studies on physiological role of the cbl gene in sulfur
metabolism are in progress.

Expression of genes located on the subgenomic RNA
°* P o t a t o leafroll virus
Marek Juszczuk, Alicja Kujawa
The genome of potato leafroll luteovirus (PLRV) consists of a single positive
sense RNA, about 6000 nucleotides in length. The analysis of the nucleotide sequence has revealed the presence of six open reading frames (ORF). Three
ORFs (ORF1, ORF2 and ORF3) are translated from the genomic RNA, whereas
the three others (ORF4, ORF5 and ORF6) are translated from a subgenomic
RNA. A better knowledge of the mechanism of PblV genome expression would
be useful for efficient protection of potato plants against viral infection. With this
aim, studies have been undertaken on the expression of ORF4, ORF5 and
ORF6 encoding the coat protein, 17K protein and readthrough protein involved
in aphid transmission, respectively. ORF5 is located within ORF4 but in different
reading frame, whereas ORF6, which is downstream of CP gene is expressed
by readthrough of the amber slop codon. Expression of these two ORFs has
been examined using in vitro systems; the results obtained indicate the following:
1) The coat protein and 17K ORFs are translated from the same RNA template by initiation at outofframe AUG initiation codons.
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2) Translation of the 17K protein can be initiated on either the first or the second AUG codon in ORF5, even though the second AUG codon is in a better
context.
3) Suppressor tRNAs for UAG stop codon significantly increase efficiency of
translation of ORF6.
4) The presence of the subgenomic leader sequence significantly decreases expression of both ORF4 and ORF5.

The antimutagenic effect of a truncated t subunit of DNA
polymerase III in Escherichia coli cells irradiated with UV light
M. Kanabus and A. Nowicka
Available data indicate that DNA polymerase III, the primary DNA replication enzyme in E. coli, is also involved in UV-light induced mutagenesis. It has
been postulated that the enzyme has to be modified in vivo to allow translesion
DNA synthesis. One postulated modification of Pol III under conditions of SOS
response is inhibition of the proofreading 3'-5' exonuclease activity of the e subunit. Our finding that overproduction of e decreases UV mutagenesis seemed to
be consistent with this hypothesis. To carry out the critical test of the role of the
f subunit of Pol III in UV light-induced mutagenesis we have constructed plasmid pMK17 that encodes only two of the three highly conserved segments of f,,
Exol and Exoll, the third segment Exolll, which is essential for 3'-5' exonuclease
activity, is deleted. We show in the present study that overproduction of this
truncated e, under certain experimental conditions, i.e. at 40°C, significantly delays production of the single-stranded phage M13 suggesting that the protein
partially retains capability of binding to the DNA. On the other hand, at 40°C,
overproduction of the truncated e markedly reduces the frequency of Trp* mutations induced by UV light or MMS (methyl methane sulfonate) in the trpE65
strain. Since it is unlikely that the truncated t possesses some residual 3'-5'
exonuclease activity, its antimutagenic effect has to be attributed to a different
property of the F subunit than the proofreading activity. In accord with this suggestion is our finding that the presence of plP21 plasmid, which contains the
dnaQ49 allele encoding the e subunit defective in proofreading activity, nearly
completely prevents generation of UV-induced mutations. We also show that
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the antimutagenic effect of the mutant E is effectively relieved by excess.of
UmuD,C proteins which play a crucial role in UV-induced mutagenesis. We propose that the DNA binding property of free e subunit be responsible for inefficient processing of premutagenic lesions, possibly by interference of e with the
interaction of Pol III holoenzyme with UmuC-UmuD'-RecA complex.

Isolation of a novel Saccharomyces cerevisiae gene, the
expression of which is induced by damage of DNA
P. Mieczkowski
The expression of approximately 20 genes of S. cerevisiae is known to be
induced after cells are exposed to DNA damaging agents such as UV light.
Most of these genes encode products which are involved in DNA repair or DNA
replication. However, the existence of a common regulatory circuit in S. cerevisiae cells exposed to DNA damaging agents, analogous to SOS system in Escherichia coli, is not clear. To get more information on the mechanisms of the
response of S. cerevisiae cells to DNA damage we decided to isolate new S. cerevisiae genes, the expression of which is induced by MMS (methyl methane
sulphonate) or UV light. As a first step leading to this goal, we have made an attempt to construct fusions of S. cerevisiae DIN (damage inducible genes) with
the lacZ reporter gene. For this purpose we have used plasmid pSZ211, E. coli S. cerevisiae shuttle vector containing the lacZ gene without its own promoter,
S. cerevisiae cells carrying DIN-lacZ fusions were identified on plates containing
x-gal with and without MMS. We succeeded in isolation of three DIN fusions.
One of these, designated DIN7, was analyzed in detail. MMS treatment of cells
carrying the DIN7 fusion results in an approximately 35-fold induction of /3-galactosidase activity. DNA nucleotide sequencing of the promoter region of DIN7
showed that it does not contain a classical TATA box. DNA sequence analysis
of the N-terminal portion of DIN7 showed that it represents a novel DIN gene. Interestingly, in the N-terminal part of DIN7 we have identified a sequence which
shares homology with RAD2 of S. cerevisiae, RAD13 of S. pombe and the human XPGC gene, the products of which are involved in DNA repair. At present
isolation of the whole DIN7 gene and characterization of its possible physiological function is in progress.
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Repair of DNA lesions originating GC - AT transitions,
induced by MMS in vivo and in vitro.
Dorota Torzewska and Ewa Sledziewska-G6jska
The important part of MMS (methyl methanesulfonate) induced mutations is
formed by GC -» AT transitions. We have previously shown that the level of these transitions is not affected by the cellular content of O6methylguanine-DNA
methyltransferase (MGMT), which is responsible for the repair of O6methylguanine in DNA (Sledziewska-Gojska, 1993). Our current experiments, with the set
of specific mutations in /J-galactosidase gene of Mi3mp18 phage, show that
there is a difference in the repair of DNA lesions induced by MMS in vivo and in
vitro. It is shown that MMS treatment of a cell, in the process of in vivo mutagenesis, is responsible for the lack of the repair by MGMT. DNA modified with
MMS in vitro and subsequently introduced to the cell (untreated by MMS) is efficiently repaired by MGMT. Above results are consistent with our recent biochemical data showing that a treatment of E.coii with Sn2 alkylating agents causes
an inactivation of MGMT (Sledziewska-Gojska, in press) and confirm that GC -•
AT transitions induced by MMS are originated by O°methylguanine-DNA.

Secretion of streptokinase fusion proteins from
Escherichia coli cells through the hemolysin transporter.
Izabella Kern and Piotr Cegfowski
Streptokinase (Skc), the secretory protein produced by Group C Streptococci, is used in therapies requiring plasminogen activation. Expression of the
cloned skc gene in Escherichia coli leads to the accumulation of a Skc protein
inside the cells and in the periplasmic space. In order to achieve the sec-independent secretion of streptokinase (Skc) into the medium by E.coii, the hemolysin (HlyA) secretion system was used. HlyA is secreted by E.coii bearing the
specific transporter system consisting of HlyB, HlyD and TolC proteins. The secretion signal is located within about 50 C-terminal amino acids of HlyA. It has
been reported that for secretion of some heterologous proteins longer signal
may be required. We have constructed in-frame fusions of the skc gene, either
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possessing or lacking a region encoding the signal peptide, with the 3'-terminal
part of varying length from the hlyA gene. Two gene fusions coding for the mature Skc and 62 or 194 carboxyterminal amino acids of HlyA, respectively, and
the third one, encoding preSkc fused to the "long" HlyA part (194 aa) were analysed. All hybrids retain the Skc activity. Despite the length of the secretion signal (62 vs 194 aa) both hybrid proteins, devoid of the N-terminal signal peptide,
are secreted into the medium by E.coli (hlyQ, hlyD, tolC) in similar amounts.
Considerable amounts of the hybrid proteins are still, however, associated with
E.coli cells mainly in the degraded form. The most extensive protein degradation was observed for the Skc fusion protein which contains the N-terminal (secdependent) signal peptide.
We conclude from these results that the Skc secretion by means of the hemolysin secretion signal can be achieved and that the efficiency of the secretion
is not dependent on the length of this signal.
Reference:
Kern I. and CegJowski P. (1994) Secretion of streptokinase fusion proteins from
Escherichia coli cells through the hemolysin transporter. Submitted to Gene
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Direct genetic manipulations on the industrial streptokinase
producer strain Streptococcus equisimilis H46A.
Izabella Kern and Piotr Cegtowski
Streptococcus equisimilis H46A is an industrial producer of streptokinase
(Skc) - an extracellular protein used in thrombolytic therapies. The methods of
gene transfer for this bacterium were not known. We elaborated the electrotransformation method which gives up to 105 transformants//<g of plasmid DNA.
In order to obtain S.equisimilis with elevated level of Skc production we decided to increase the skc gene dosage in the parental strain H46A. We constructed the stable 11.6 kb plasmid, pWGi6, using Bacillus subtilis as an
intermediate host. This plasmid contains the skc gene, the dhfr gene from Lactococcus lactis as a selection marker and the stability and replication regions
from the promiscuous plasmid pSM19035. Basing on the observations performed in B.subtilis, plasmid pWGi6 is structurally and segregationally stable,
does not require the selection pressure and has a low-copy number in the cells.
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The S.equisimilis transformants with pWGi6 exhibit, however, the basic level of
Skc activity in the supernatants. As the plasmid is of a large size, it is possible
that the energetic expense for its maintenance is rather high for S.equisimilis.
The skc gene was also inserted into small low- and high-copy number plasmids, plL252 and plL253 or pMG36e, and transformed into S.equisimilis. The
Skc activity level, in the culture supernatants of transformants, was about 2 fold
of the basic level and did not depend on the copy-number of the plasmid. As
there is no difference in gene-dosage effect between low- and high-copy number plasmids, it is likely that the expression of the skc gene is subjected to regulation either at the transcription or translation/secretion levels. To check whether
the barrier is transcriptional, the skc gene, devoid of its own promoter, was put
under control of moderate and strong heterologous promoters and was introduced into S.equisimilis cells using both the low- and the high-copy number plasmids. The levels of Skc activity in the culture supernatants were lower in each
case, when compared with skc under its own promoter.
We conclude from these experiments that only a little gene dosage effect
can be achieved for the skc gene in the strain H46A and we postulate that the
expression barrier exists at the level of translation/secretion.

Molecular analysis of dihydrofolate reductase gene from
Lactococcus lactis
Krystyna Leszczyhska
Cooperation with the laboratory of prof. G. Venema, University of Groningen, the Netherlands.

Dihydrofolate reductase (DHFR) enzymes or their genes: (i) play a central
role in one carbon unit metabolism; (ii) are targets of clinically important drugs,
including trimethoprim (1); (iii) can be used in biotechnology, e.g. as special selection markers or as a "handle" in fusion protein expression and purification
(2,3).
The Lactococcus lactis gene encoding trimethoprim resistance has been
previously cloned and expressed in Escherichia coli and Bacillus subtilis. Several lines of evidence indicate that the cloned gene encodes DHFR. It fully complemented in E. coli the fol "null" mutation. Nucleotide sequencing of the cloned
fragment revealed the presence of one open reading frame (orf) encoding a
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protein that shares homology to the family of bacterial DHFR enzymes. Overexpression of this orf in E. coli resulted in the appearance in cell extracts of a protein of expected size and also in a dramatic increase of DHFR activity.
By Northern blotting and primer extension analyses the size and the start
point of the dhfr transcript have been determined. Results of these experiments
indicate that the dhfr gene represents part of a bigger transcription unit. Using
special integration vectors attempts to "knock out" the dhfr gene in the L lactis
chromosome have been performed. Results obtained so far indicate that this
gene may be essential.
K. Leszczyhska, Bolhuis A., Leenhouts K., Venema G. and Ceglowski P. (1994)
Cloning and molecular analysis of the dihydrofolate reductase gene from
Lactococcus lactis. Submitted to Appl. Environ. Microbiol.
References:
1. Huovinen P. (1987) Antimicrob. Agents Chemother. 31:1451
2. Iwakura M. and Tanaka T. (1992) J.Biochem. 111:31
3. Iwakura M. et al. (1992) J.Biochem. 111: 37
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Cold-shock regulation of rcsA AND cps genes
in Escherichia coli K12
Anatoli N. Evtushenkov, Igor N. Olekhnovich,
Krystyna Krajewska-Grynkiewicz and Tadeusz Ktopotowski
We have found that there are two distinct patterns of temperature effects
on cps genes coding for enzymes required for synthesis of colanic acid, the
capsular polysaccharide of E. coli K12: (1) In wild type strains and Ion mutants
the activity is higher when cells grow at low temperatures. The derepression of
cps transcription occurring in Ion cells was shown to result from higher content
of rcsA gene product, a positive regulator of cps operon transcription. The Ion
gene codes for ATP-dependent protease which degrades the rather unstable
RcsA protein. RcsA and RcsB form a heterodimer required for the increased
transcription of cps genes. (2) In dsbB mutants cps transcription is higher at
higher temperatures. It depends also on activity of rcsA and rcsB gene products.
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This study has been aimed at getting a new insight on how E. coli growth at
low temperatures increases the mucoid expolysaccharide production and mucoid character of bacterial colonies.
We isolated Tn5/ac insertion mutants in a strain being mucoid because of a
dsbB mutation. In this study we used the mutant carrying rcsA131::lacZ fusion.
It was transferred onto a plasmid and analyzed by DNA sequencing. The mutant retained only 10 nucleotides downstream of transcription initiation site. Assays of /J-galactosidase activity in the strains carrying rcsA131::lacZ or
cps-10::lacZ were done using cells grown at various temperatures. In either
strain the activity was highest at 23°C and gradually decreased at higher temperatures. Their Ion derivatives had higher /J-galactosidase activity than corresponding lon+ strains carrying rcsA or cps fusions to lacZ. This experiment
showed that transcription of the two different fusions behaved similarily in the
respect to temperature and Lon effect. On the other hand, neither factor had
any effect on expression of the rcsfl gene, coding for the other positive factor of
cps transcription.
In another experiment we examined the supposition that the apparent induction of the two fusions may result even from a short exposure to a lower
temperature. It appeared that shift down to 10°C for at least three hours induced the expression of rcsA131::lacZ. The induction persisted for about one hour
after shifting the cultures back to 37°C. The result of this experiment pointed to
a likely participation of cold shock elements in determining low growth temperature induction of rcsA expression.
For identification of gene products involved in cold-shock regulation of rcsA
gene a cloning experiment was made. The procedure consisted in selection of
wild-type genes capable of increasing colanic acid production when present on
a multicopy vector. One such recombinant plasmid, p302, carried a 4.2 kB Pst\
fragment. In strains carrying cps-10::lacZ or rcsA13i::lacZ the p302 plasmid
caused 5 to 10-fold increase of activity. It had no effect on rcsBr.lacZ fusion. The
relative enhancing effect of p302 was affected by temperature: it was higher at
low temperatures,
For identification of the gene affecting expression of cps operon and rcsA
gene 4.2-kb insert of p302 was analyzed using restriction enzymes. A series a
derivative plasmids were made by deleting in vitro some DNA fragments. Two
plasmids with partialy deleted inserts carried together all insert DNA and overlapped on a short segment delineated by Pvull and AsuW sites, but neither of
them was capable of producing mucoidy. This indicated that the overlapping
segment was located within the gene responsible for mucoidy. DNA of the
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HincU fragment which should have contained the Pvu))-Asu\\ fragment was sequenced. It was found to be 306 nucleotides long and to have Pvull and AsuW
sites. When compared with a DNA database its sequence appeared to be 100%
identical with a part of the cspC gene. This result strongly suggests that the
cspC gene product is involved in control of rcsA and cps expression. Neither
the cold-shock cspC gene product nor the heat-shock Ion protease seem to act
directly on rcsA promotor. Therefore, they must affect the activity of some other
factor combining with this promoter.

00

!
f

Induction of cps expression by defective processes
in periplasmic space of Eschehchia coli K12
Krystyna Krajewska-Grynkiewicz and Tadeusz Ktopotowski
We found that mutations in a gene located at 26 min of Escherichia coli
chromosome map cause colony mucoidy and increased expression of cps genes coding for enzymes of exopolysaccharide synthesis. We have transferred
this gene onto a plasmid and sequenced it. The comparison of the sequence
with GenBank data indicated that the affected gene was identical with dsbB gene coding for the membrane component of the system catalyzing disulfide
bond formation in proteins exported to periplasm. We confirmed the identity of
our dsbB mutations obtained by hydroxylamine mutation of transducing phage
P1. We used PCR to sequence the mutated genes. Two missense mutants were
due to transversions eliminating cysteine from a CNNC motif, required for efficient disulfide bond exchange.
The increase in cpsr.lacZ expression observed in dsbB mutants differed
from that in Ion mutants: it showed a inversed dependence on temperature, i.e.
the expression at low growth temperatures was at lower level. The other peculiar feature of the cps derepression caused by dsbB mutations was its dependence on integrity of rcsC gene. In a dsbB strain carrying a Tn5 insertion into
rcsC gene no colony mucoidy was observed. Concurrently, when the strain carried a cps::lacZ fusion its expression was low.
A similar phenotype was caused by plasmids carrying skc gene derived
from Streptococcus equisimilis. The strains carrying the skc plasmids grew poorly and formed mucoid colonies. Expression of the cpsr.lacZ fusion was incre-
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ased and ressembled that of dsbB mutants and not that of Ion mutants. Moreover, when the rcsC::Tn5 mutation was introduced to strains carrying skc plasmid the resulting strains were not mucoid or had low expression of cps::lacZ
fusion. Recombinant derivatives of the skc plasmid, contributed by P. Cegtowski, were used to see what element of the skc gene was responsible for the effects on cps system. It turned out that removal of long C-terminal part of skc did
not change the skc effects. On the other hand, the plasmid mutant devoid of
skc signal sequence did not cause colony mucoidy or any of the other effects.
These facts pointed to the notion that export of skc gene product from the cytoplasm to inner membrane and periplasmic space was required for the observed
phenotype changes to occur. Most likely the catalytic activity of streptokinase
did not play any role in these processes.
Thus, the two conditions caused by dsbB mutation and insufficient disulfide
bonding of exported proteins or by the gram-positive skc gene product ressemble each other in four aspects: (1) They affect processes in periplasmic
space, (2) They induce cps operon and exopolysaccharide production, (3) The
level of the induction is higher at higher growth temperatures, (4) The induction
depends on integrity or rcsC gene.
Results of our other findings indicate that cps operon is under control of
cold-shock regulon, which causes induction to be higher at low temperatures.
Apparently, the periplasmic functions defective in dsbB mutants and strains exporting skc protein are normally required for the cold-shock effects on cps operon.
RcsC protein apparently participates in information transfer on the periplasmic defects to the cytoplasm where cps operon resides on the chromosome. It
is anchored by two hydrophobic domains in the inner membrane. The periplasmic loop of RcsC has two cysteine residues with a potential of forming a disulfide bond. To check this hypothesis localized mutagenesis of the respective
cysteine codons can be used to see if the information on the dsbB defect in making disulfide bonds is transmitted by disruption of the disulfide bond in the
RcsC loop.
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Yeast nuclear genes involved in mitochondrial RNA metabolism
Piotr P. Stepieri

The aim of our research is to study yeast genes using modern methods of
molecular biology and genetic engineering. All eukaryotic cells contain small
vesicles called mitochondria. Their major function is the oxidation process, in
which cells obtain energy. Mitochondria contain their own DNA, but it codes for
a relatively small number of proteins and RNA. The majority of mitochondrial
proteins is encoded in the cell nucleus and several hundreds of different genes
are involved in mitochondrial functions.
Studies on mitochondria are of particular importance, as a variety of human
diseases are caused by defects in mitochondrial DNA or in nuclear genes controlling mitochondria: among others myoclonic epilepsy and ragged-eye fiber
disease (MERRF), mitochondrial encephalopathy, lactic acidosis and stroke-like
symptoms (MELAS), Leber's hereditary optic neuropathy (LHON), Kearns-Sagre
syndrome (KSS) and many others. In addition, it has been suggested that the
process of aging is related to changes in mitochondrial functions.
The yeast Saccharomyces cerevisiae is a very attractive model for studies
on mitochondrial functions. It is the only living organism which can survive
without the mitochondrial genome; cells can then obtain energy by fermentation
of sugars. Because of this unique capability it is possible to obtain mutants in
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various genes - both mitochondrial and nuclear, which are necessary for functioning of mitochondria. Moreover, yeast is very amenable to genetic and molecular biology manipulations.
Our research is aimed at discovering the functions of several nuclear genes
which have a major impact on mitochondrial RNA metabolism. One of these genes is SUV3, which was discovered as a nuclear suppressor of a deletion in the
mitochondrial var1 gene. This mutant displays a very complex phenotype : it
has pleiotropic effects on mitochondrial mRNA processing, leads to accumulation of excised introns, changes 3' end processing of RNA and causes differences in levels of some mRNAs ( Conrad Webb et al., 1990;).
I have cloned the suv3 gene ( Stepieri et al., 1992) using a specially designed method of yeast colony Nothern hybridization ( Stepieri and Butow, 1990 ).
The amino acid sequence of this gene indicates that it belongs to the family of
RNA helicases. Members of this family of proteins usually are involved in translation and in splicing of RNA. However, the exact function of the SUV3 protein
remains unknown.
Recently we have been able to show that the SUV3 protein is a splicing factor for the groupl intron r1 ( omega) from the mitochondrial 2iSrRNA gene. We
have constructed a yeast mt genome containing only one intron - r1 and introduced this genome into a strain bearing a disruption of SUV3. The presence of
the r1 intron resulted in a block in respiration, change in the splicing pattern of
the excised intron and a dramatic decrease in the amount of the 21SrRNA. We
assume that the so-called self-splicing introns requires multicomponent proteinRNA complexes for the in vivo splicing reactions. (Stepieri et al. 1994 )
We have also evidence based on Northern analysis that the SUV3 protein
affects mRNA stability (Golik et al, in preparation )
We would like to elucidate the function of the SUV3 protein by analysis
of other gene products interacting with the SUV3.
The working hypothesis has been that the complex phenotype of the SUV3
mutant indicates multiple interactions between the suv3 protein and other proteins within the mitochondrium. Thus by isolating and analyzing other genes it
will be possible to gain insight into the SUV3 functions. We took the advantage
of the fact that many mutations acting on mitochondrial functions in yeast can
be suppressed by different wild-type genes introduced into the mutants on multicopy plasmids. High expression of a gene can sometimes substitute a lesion
in a different gene. We have constructed a stable yeast strain bearing a disruption of the SUV3 gene and transformed this strain with a gene bank containing wild-type genes. After selection on appropriate media we isolated several
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plasmids which are able to convert a glycerol-negative disruptant strain into a
glycerol-positive strain. These plasmids are unrelated to each other and probably represent genes whose products interact with SUV3.
At present we are sequencing the DNA, to analyze the open reading frames
and to screen gene data banks for homologies. We also plan to construct yeast strains bearing disruptions of these genes in order to study the resulting
phenotypes. In this way the functions of the SUV3 and of other genes will be
elucidated.
Publications:
H.Conrad-Webb, P.S.Perlman, H.Zhu, R.A. Butow, The nuclear SUV-3 mutation
affects a variety of post-transcriptional processes in yeast mitochondria.
Nucleic Acid Res., 18, 1369, 1990.
P.P.Stepieri, D.Landsman, S. Margossian, R.A.Butow, The yeast nuclear gene
suv3 affecting mitochondrial post-transcriptional processes encodes a putative ATP-dependent RNA helicase, Proc.Natl.Acad.Sci. USA, 89, 6813,
1991.
P.P.Stepieri, R.A.Butow, Yeast colony Nothern: a fast method for detection of
transcripts by colony hybridization, Nucl. Acid Res., 18, 380. 1990.
P.P.Stepieri, LKokot, T.Leski, and E.Bartnik, The SUV3 nuclear gene product is
required for the in vivo processing of the yeast mitochondrial 21S rRNA
transcripts containing the r1 intron, Curr. Genet., 1994, in press.

Analysis of rRNA genes in the genus Aspergillus
Ewa Bartnik
The evolution of repetitive sequences is an interesting phenomenon, as it
allows the study of the processes which are active in the evolution of all genes.
For a number of years our model system has been the fungus Aspergillus nidulans. We have cloned and sequenced a number of 5S rRNA genes from this organism, and found that their organization was unusual - they were dispersed
and not organized into tandem blocks as is typical for most eucaryotes. We have sequenced 12 DNA fragments isolated as hybridizing to 5S rRNA and found
that three of them were unusual truncated pseudogenes, containing the 5' half
of the 120 nucleotide 5S rRNA sequence and an adjacent sequence, block C,
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which was conserved to about 70% in the threee pseudogenes. In the 9 sequences of the 5S rRNA genes we found microheterogeneity at nucleotides 12,
23, 69, 70, 107 and 108; none of the changes affected the secondary structure
of the 5S rRNA.
In order to look at these results in a broader context we cloned and analyzed altogether 18 sequences from two other Aspergillus species - A. awamori
and A. wentii. Of the 18 sequences 4 again proved to be pseudogenes. One
was a 'classical1 pseudogene with many mutations throughout the sequence,
two were again 51 halves of the 5S rRNA gene, flanked by block C, and the
fourth was truncated at the 5' end. The sequence analysis indicated that the 5S
rRNA genes in these two species were very similar, but differed from the A. nidulans genes. Microheterogeneity was again found at positions 12 and 23, but
sites 69, 70,107 and 108 were constant, whereas variation was found at nucleotides 26 and 54. The A. wentii and A. awamori genes have TG and CA in positions 81/82 and 96/97 respectively, in A. nidulans these positions (which form
pairs in the 5S rRNA secondary structure) are both AT.
We have also analyzed the sequence of the spacers in the rDNA repeat unit
in the three species.The rDNA units (containing 18S, 5.8S and 26S sequences
separated by spacers) are tandemly repeated about 100 times in the genome.
The rRNA sequences are in general highly conserved, whereas the spacers are
believed to evolve much faster. For ITS1 and ITS2 (located between 18S rRNA
and 5.8S rRNA sequences and 5.8S rRNA sequences and 26S rRNA, respectively) we have again found practically identical sequences for A. awamori and A.
wentii and a high degree of homology to the A. nidulans ITS1 and ITS2 sequences -58 and 80%, respectively. All the sequences are GC rich (66 - 76%) and have the potential to form secondary structures, which may play a role in the
removal of the spacer sequences during processing of the rDNA transcript to
the three mature rRNA species - 18S, 5.8S and 26S rRNA.
We have also analyzed the number of 5S gene and pseudogene sequences in the A. nidulans genome as we wished to know what fraction of the genomic sequences we had analyzed in our sequence of 9 genes and 3
pseudogenes.
Using two-dimensional gel electrophoresis and hybridization with probes
representing the 5'halves and the 3'halves of the 5S rRNA genes as well as
block C, we have found that there are 23 genes and 15 pseudogenes. This high
number of pseudogenes is probably the result of inability to correct changes in
dispersed sequences by unequal crossing-over, which is believed to maintain
the homogeneity of tandem sequences.
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For the last two years our interest has been concentrated on analyzing expression of the 5S rRNA genes in A. nidulans. As these sequences are not all
the same there may be differences in expression. We have tried to address the
problem in two ways. The first was to set up an in vitro transcription system.
This was unfortunately unsuccessful, however, no one so tar has been able to
set up such a system for this organism. The second approach concerned introduction of tagged 5S rRNA genes by transformation. Two such transformants
were obtained, this approach was abandoned due to difficulty in obtaining integration at a single site and the tediousness of the procedure.
Currently we are working on a combination of reverse transcription of 5S
rRNA and PCR in order to obtain cDNA copies of the transcripts and to analyze
them t y sequencing in order to obtain an answer to the question which 5S
rRNA genes are transcribed.

Publications
1. M. G.niadkowski, J. Fiett, P. Borsuk, D. Hoffman-Zacharska, P.P. Stepieri, E.
Bartnik. Structure and evolution of 5S rRNA genes and pseudogenes in
Aspergillus nidulans. J. Mol. Evol. 33 (1991) 175-178.
2. P. Borsuk, M. Gniadowski, R. Kucharski, M. Bisko, M. Kanabus, P.P. Stepien,
E. Bartnik. Evolutionary conservation of the transcribed spacer sequences
of the rDNA repeat unit in three species of the genus Aspergillus. Acta BioChim. Polon. 41(1994)73-77.
3. P. Pelczar, J. Fiett, E. Bartnik. How many 5S rRNA genes and pseudogenes
are there in Aspergillus nidulans. Acta Biochim. Polon. (in press).

Genetic regulation of the arginine metabolism
in Aspergillus nidulans.
Piotr W^glenski
Arginine metabolism in Aspergillus offers an opportunity for studying various mechanisms of genetic regulation. The anabolic pathway is under general
amino acid control. Sequencing of the promoter of the argB gene which codes
for the ornithine carbamoyltransferase revealed several sequences which had
been found in yeast genes and are recognized by the GCN4 protein. The deletion analysis of the argB promotor has shown that these sequences are neces-
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sary for the derepression of the argB gene. This suggests that although the
Aspergillus analogue of GCN4 has not been identified so far, the general amino
acid control in Aspergillus follows similar rules as in yeasts.
Regulation of the arginine catabolic pathway is much more complicated.
Our previous studies proved the existence of several regulatory circuits, including carbon and nitrogen catabolite repression and specific control of enzyme
induction. Over 20 regulatory genes were identified and it seems worthwhile to
characterize the whole regulatory system at the molecular level.
We have started with cloning of the structural genes coding for arginase
{agaA) and ornithine transaminase (ofaA). To clone the agsA gene we have purified and partially sequenced arginase. This allowed us to synthetize oligonucleotides which served as primers for PCR. PCR derived probes were obtained
and the agaA gene was identified both in genomic and in the cDNA Aspergillus
libraries. The first portion of this gene has been already sequenced (see Poster).
The otaA gene was cloned by transformation of the ornithine transaminase
deficient mutant with the A. nidulans cosmid library, followed by plasmid rescue.
The gene has been sequenced, its promoter contains several sequences which
are characteristic for the promoters controlled by the creA protein (regulator of
carbon catabolite repression) and does not contain sequences recognized by
the areA gene, the main regulator of the nitrogen metabolism in Aspergillus (see
Poster). Functional analysis of this promoter is in progress.
Publications:
Dzikowska A., Le Caer J.P., Jonczyk P., Weglenski P. Purification of arginase
from Aspergillus nidulans. Acta. Bioch. Polon. (w druku)
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Anatomical and cytological developmental regularity
in embryogenesis and germination of oilseed rape
(Brassica napus L).
Mieczyslaw Kuras
Department of Plant Morphogenesis, IBER

For the past several years the problem of embryogenetic and postembryogenetic regularity in development has been the main subject of a research at the Department of Plant Morphogenesis. The model object in this
research are embryos of oilseed rape (Brassica napus L, cv Gorczanski).
They show extraordinary regularity of the development and of the structure,
especially of the root tip meristem.
Studies of the embryogenesis of zygotic embryos enabled the determination of the division sequence and of proembryo differentiation as well as zonal
differentiation of the mature embryo. It was proved that the regularity of the
division sequence in the embryo was correlated with its cytological differentiation, especially with the organization at the ultrastuctural level.
The research concentrates on identification of the border zone between
hypocotyl and root systems. The use of staining with Procion blue MX-R has allowed to describe the transitional zone. In comparison to root and hypocotyl the
zone is characterised by different anatomical structure and ultrastructure as
well as different chemical composition of protein (1,3)[93].
Taking an advantage of the regularity in the mature embryos structure
and especially of its tip root meristem (with 3 floor closed promeristem and regular split of the dermatocaliptrogen) a sequence of cytological (cell divisions,
usage the storage material, ultrastructure) and cytochemical (protein, DNA and
RNA synthesis) changes has been determined. The sequence accompanies
the embryo activation during the germination (4).
The model material was also used for the research on ultrastructural localization of phenolic compounds. There are only few papers on this subject be-
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cause of lack of the method which would make possible to preserve all phenolic
compounds in the material fixed for electron microscopy. The use of some alkaloids (caffeine, nicotine, which cause a condensation of phenolic compounds, visible as electrondense structures (2,4,5) during fixation of the material
for electron microscopy, makes possible the ultrastructural localization of the
compounds, as well as the determination of the dynamics of their changes
and correlation with other ultrastructural and metabolic events observed in different phases of embryo development [94].
Ultrastructural investigations on the localization of phenolic compounds in
columella cap of root revealed that the amount and site of localization of the
compound undergo characteristic oscillations. These changes proceed together with the development of the ER structures and are correlated with other
symptoms of activation/inactivation of embryo (starch formation and degradation, protein synthesis, formation of storage protein bodies, NA synthesis).
Research, performed simultaneously, on effects of specific inhibitors on phenolic compound synthesis shows, without any doubt, that the structures, identified
at the ultrastructural level, are actually phenolic compounds [95].
Publications:
LDubrovsky J. G., Tykarska T., 1994. Environment and Experimental Botany.
(in press).
2.lwanowska A. at al., 1994. Annals of Bot. (in press).
3.TykarskaT., Kuras M.. 1994. Proc.Kluwer academic publishers (in press).
4.Wronka M. at al. 1994, Annals of Bot. (in press).
5.Wronka M. at al. 1994, Annals of Bot. (in press).

The role of histone H1 in transcriptional regulation
Andrzej Jerzmanowski
Lab. of Plant Molecular Biology,Dept. of Plant Resistance Physiology, IBER

Histone H1 which consists of the evolutionary conserved globular domain
and two extended lysine-rich tails is a key structural element of the chromosomal architecture. In the nucleosomal structure H1 binds to the linker (internucleosomal) DNA bridging across the ends of the two turns of DNA wound around
-168-

the histone octamer core. H1 which has various closely related subtypes of
functional significance plays a pivotal role in the compaction of chromatin fiber.
The H1 has long been viewed as a part of a general repressory mechanism that
ensures a strong and stable repression of tissue specific genes.
In our efforts to reveal the detailed mechanisms of H1 function in transcriptional regulation we employ three different approches:
"I.The study of transgenic plants that under- or overexpress histone H1 gene
2.The detailed analysis of the effect on transcription in vitro of the interactions of H1 with c/s-acting DNA elements
3.The study of the mode of interaction of selected peptide motives with DNA
regulatory sequences.
In order to induce the change in the native stochiometry of histone H1 and
DNA in chromatin we transformed tobacco and A.thaliana with vectors bearing
homologous or heterologous H1 gene placed in normal or reversed orientation
(antisense strategy) under promoters of different strength and specificity. The
transformants are being checked for the presence and expression of the transgene, chromatin structure, phenotypic aberrations and the pattern of inheritance of the mutated traits [95]. We showed previously (employing the in vitro
transcription system and templates consisting of plasmids bearing Xenopus laevis 5S RNA genes together with their native flanks) that the selective effect of H1
on the transcription of the two types of Xenopus 5S RNA genes (somatic and
oocyte) depends on highly specific interaction of H1 with the AT-rich flanks of
the oocyte-type gene (1). We now extend this work by employing fully reconstituted chromatin templates with regularly spaced nucleosomes placed on both
long and short DNA fragments bearing the 5S RNA gene with different flanks.
The reconstituted templates are being characterized by determining nucleosomal spacing and mapping the precise position of nucleosomal core praticle and
histone H1 in respect to the studied gene [96].
The "SPKK" peptide motif is a characteristic mark of many proteins of the histone H1 -family. The motif is thought to bind to DNA via interactions in the minor
groove. The mode of binding resembles that of Hoechst dye and netropsin. The
"SPKK" type sequences occur in many transcription factors and other proteins
known to interact with DNA. We have been studying the interaction of synthetic
peptides of the "SPKK" type with both synthetic and natural oligonucleotides.
The experimental results added by the data obtained by molecular modeling techniques allowed us to propose the detailed model of interactions of the "SPKK"
with AT-rich tracts in DNA [97].
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genes determine differential inhibition of transcription by h! histone in vitro,
J.Biol.Chem. 265, 10726-10732.
2. Jerzmanowski.A., Cole.R.D. (1992)Partial displacement of hgistone H1 from
chromatin is requiredbefore it can be phosphorylated by mitotic H1 kinase
in vitro, J.Biol.Chem. 267, 8514-8520.
3. Jerzmanowski.A,. Cole, R.D. (1993) Histone H1 in modulation of chromatin
transcriptional activity, Acta Biochim. Polon. 40,17-22.

Physiological, biochemical and molecular mechanisms
involved in plant responses to abiotic stresses
Alina Kacperska
Dopt. of Plant Resistance Physiol. IBER

Growth and functioning of plants under natural environmental conditions is
affected by different stress factors. Depending on stress intensity and on genetically dependent properties of a plant organism, the stress-induced plant responses may lead either to irreversible injuries or to the adjustment of growth
and metabolism to the stress conditions, i.e. to plant acclimation. There is a
common agreement that acclimation of plant to stress conditions proceeds in
stages. Working on mechanisms involved in acclimation of chilling-resistant herbaceous plants (winter oilseed rape, Brassica napus, var. oleifera L) to low temperature stress we have got a relatively good knowledge on mechanisms
involved in the first stage of plant acclimation to low, positive temperature, resulting in adjustment of plant growth and metabolism to cold (Kacperska 1989).
We also learned that the induction of the second stage of acclimation, resulting
in the increased tissue resistance to freezing temperatures and to dehydration,
depends on a brief exposure of plants to a transient frost (-3° to -5°C for few
hours). In the studies performed during the last three years, we have been looking for those plant responses which may be involved in the induction of the
second stage of plant acclimation (studies supported by Grant No. 4 0139 91
01 from KBN). The obtained results allow to draw following conclusions:
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1. The transient freezing results in reversible alterations in membrane properties and in a sudden decrease of water potential in a tissue (1).
2. Both shoot and root systems participate in the cold-induced modifications of a tissue water potential (2).
3. The frost- or dehydration-induced reversible membrane alterations result
in the enhanced formation of ethylene. This is possibly due to the free radicaldependent, lipoxygenase-mediated chemical conversion of 1 -asninocyclopropane-1-carboxylic acid (ACC) to ethylene (3).
4. Acclimation of plants in cold and their exposure to a brief freezing treatment result in the pronounced accumulation of ABA in leaf tissues (9).
5. The transient frost induces a reversible hydrolysis of phosphoinositides,
resulting in the formation of IP3 (6). Elicitation of IP3 may be also induced by a
decrease in tissue water potential or by exogenous ABA [101].
6. Increased calcium influx to cytoplasm seems to be responsible for frostinduced injuries [100].
7. Cold acclimation and a brief freezing treatment result in the pronounced
changes in the activity and catalytic properties of L-phenylalanine ammonia lyase(4), [102],
8. Low temperature modifies markedly protein synthesis in plants (7), the
freezing treatment resulting in induction of some new polipeptiedes [103].
9. Cold and freezing temperatures modify markedly the activity and some of
catalytic properties of cell wall-associated /3-galactosidase in winter oilseed rape
leaves (8),.
10. Cold acclimation and freezing treatment induce pronounced changes in
the content and composition of cell walls in winter oilseed rape leaves [99].
General conclusion: In plant responses to low temperature and dehydration
the cell wall/plasma membrane interactions should be taken into consideration.
This will be the object of the further studies.

Publications:
1. Kacperska, A. 1993. Water potential alterations - prerequisite or a triggering
stimulus for the development of freezing tolerance in overwintering herbacoues plants In: Advances in Plant Cold Hardiness, (P.H. Li and L. Christersson, eds), CRC Press, Boca Raton, p. 74-91.
2. Kacperska, A. and Szaniawski, R.K. 1993. Frost resistance and water status
of winter rape leaves as affected by differential shoot/root temperature. Physiol. Plant. 89: 775-782
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stress-affected cells. In: Cellular and Molecular Aspects of the Plant Hormone Ethylene (Pech et al. eds), Kluwer Academic Publishers, the Netherlands, p. 211-216.
4 Solecka, D. and Kacperska, A. 1993. Activity of L-phenylalanine ammonia lyase in winter rape leaves treated with cold. Acta Biochim. Polon. 40: 113115.
6 Smoleriska-Sym.G. and Kacperska, A. 1994. Phosphatidyl metabolism in low
temperature-affected winter oilseed rape leaves. Physio). Plant. 91:1-8.
7. Solecka, D. 1994. Udziat bialek w procesie aklimatyzacji roslin do niskiej temperatury. Post. Biochem. 40:121-127.
8. Sawicka, T. and Kacperska, B. 1994. Soluble and cell wall-associated /3-galactosidases from cold-grown winter rape Brassica napus L var. oleifera L
leaves. J. Plant Physiol. (in press)
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Biosynthesis of benzoic acid derivatives in vanilla Planifolia
andrMssue cultures
Andrzej Podstolski
Dept.of Physiol. of Plant Growth and Development, IBER

The aim of this project is to obtain Vanilla tissue culture capable of biosynthesis and accumulation of benzoic acid derivatives of commercial value, such
as vanillin, vanillic acid, vanillyl alcohol and p-hydroxybenzaldenyde. This
seems to be justified since biosynthesis of benzoic acids in plants is so far only
partially elucidated (Funk,C. and Brodelius P. 1990a) and there is also a big demand of food industry for natural flavor compounds - the price for synthethic vanillin is about $ 20.00, whereas for natural product - about $ 2000.00 per kilo.
In Vanilla planifolia plant, vanillin and related compounds, participating in
"vanilla flavour" formation are predominantly synthesized in fruits - Vanilla beans.
Early feeding experiments (Zenk M.H., 1965) suggested that vanillin biosynthesis proceeds via ^-oxidation of ferulic acid. More recent experiments with the
use of Vanilla cell suspension culture (Funk C. and P.Brodelius, 1990b, 1992)
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strongly indicate that ferulic acid does not participate in vanillic acid biosynthesis and the pathway leading to vanillate involves isoferulic acid, 3,4-dimetoxycinnamic acid, 3,4-dimetoxybenzoic acid and no /3-oxidation. However, such a
conclusion cannot be generalized since in Funk and Brodelius culture biosynthesis of vanillates was very limited and thus may not be indicative of biosynthetic pathways of vanillates in other more efficient types of cultures.
Our experiments with the use of Vanilla planifolia green embryo tissue culture (Knorr D. et al. 1993) showed that this material very efficiently synthesizes
vanillin precursors - 4-hydroxybenzoic acid, 4-hydroxybenzaldehyde and accumulates 4-hydroxybenzyl alcohol and to a little degree - 3,4-dihydroxybenzaldehyde (protocatechuic aldehyde) - the immediate precursor of vanillin. No
4-metoxy derivatives were found. Accumulation of vanillin itself was negligible.
On the other hand, feeding the tissue with protocatechuic aldehyde resulted in
transitional vanillin formation and accumulation of vanillyl alcohol.
By manipulating the culture medium composition we were able to increase
dramatically protocatechuic aldehyde formation followed by vanillin, which next
was reduced to vanillyl alcohol. Since the desired product is vanillin, it was necessary to characterize vanillin dehydrogenase [104] an unwanted enzyme in
this system, in order to begin the next step - either reduction of its activity or
decrease in its synthesis, employing one of the genetic engineering methods.
Literature cited :
Funk C. and Brodelius P. 1990 a. Phytochemistry 29:845-848
Funk C. and Brodelius P. 1990 b. Plant Physiol.94:102-108
Funk C, and Brodelius P. 1992.Plant Physiol.99:256-262
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Regulation of plant energy economy
by environmental conditions
Anna M. Rychter
Dept. Plant Bioonergetics, IBER

Modifications in energy production and/or utilization are induced by environmental conditions such as ion deficiency (phosphate, nitrogen), cold stress
and some pollutants. Phosphate being the substrate of oxidative and photosynthetic phosphorylation can control the energy producing processes and influence the bioenergetics economy of the plant. Respiratory metabolism was of
special interest because plant mitochondria have two respiratory pathways: cytochrome pathway involved in oxidative phosphorylation and alternative, cyanide resistant, non-phosphorylating pathway (1). Environmental conditions can
change the rate of participation of both pathways in total respiration (2) and, in
turn, affect the energy status of the cell.
One of the most pronounced effects of phosphate deficiency on plants is
the reduction of shoot growth while root growth is unaffected or even stimulated. The process of growth and respiration are integrated by sharing the common carbohydrate and adenylate compounds. During phosphate deficiency the
participation of alternative pathway in root respiration increases(3). Mitochondria isolated from such roots also exhibit high alternative pathway activity and
the ATP level in these roots is lower (4). Unlike adenine nucleotides which are
responsive to phosphate nutrition, pyrophosphate content appears to be unaffected by phosphate deprivation (5). Absence of phosphate in growing medium
may change the metabolism allowing utilization of other energy storing compounds such as pyrophosphate.
Phosphate deficiency induces increased translation of sucrose from shoots to the roots [105]. Sugars such as sucrose, glucose and fructose, are accumulating in phosphate deficient roots. The increased level of glucose and
fructose is not accompanied by an increase in the levels of hexose phosphates,
which are significantly lower in phosphate deficient roots (5). Large part of glucose and fructose is therefore not phosphorylated and so is not metabolically
active (5). The localization, metabolism and physiological role of sugar accumulation in phosphate deficient roots is presently studied.
Low phosphate level in the shoots reduces its growth rate but little affects
the rate of photosynthesis. However, the changes in photorespiratory metabolism and other metabolic routes regulating intracellular orthophosphate level,
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are observed [106]. Phosphate deficiency affects leaf respiration more during
the dark than during the light period and lowers the ATP level in the leaves
[107]. We suggest that the adverse energy balance of the plant changes the rate of energy utilization for growth, ion uptake and maintenance.
The effects of pesticides on growth and photosynthetic metabolism of
plants under different phosphate and nitrogen nutrition was also studied. The
role of nitrogen nutrition in prevention of lindan toxicity in plants was investigated [108].
Research plans involve the study of modifications of energy economy on:
plasma membrane properties, ion uptake, sugar compartmentation. Our approach is to integrate the tools developed in plant biochemistry, physiology and
molecular biology to understand the regulation of energy economy by environmental conditions.
Publications:
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Influence of lead on plants
Matgorzata Wlerzbicka
Environmental Plant Pollution Laboratory, Department of Morphogenesis, IBER

Lead enters into biological circulation mainly from the pollution due to human activities. Plants accumulate large amounts of lead in their tissues, without
revealing any symptoms of poisoning. The question arises: what processes provide plants with such effective protection against lead.
Taking Allium cepa L roots as a model it has been shown that after an initial
phase in which lead is toxic to cells, defence processes occur with the result
that lead is no longer poisonous. Lead ions which penetrate into the root symplast are detoxified in cell walls vacuoles and dictiosomal vesicles. Similar observations are made for 3 other food plant species - Glicyne soja, Zea mays,
Pisum sativum. These observations are in agreement with the absence of any
symptoms of lead poisoning in plants growing under natural conditions, and
suggest that there is a defence mechanism specific only for plant cells (3,4,5);
poster [109], [110].
It is worth stressing that animal cells have neither cell walls nor vacuoles. It
may be the reason of different lead economy in plant and animal cells.
The other research line concerns adaptation of plants to growth on the calamine waste heaps. Adaptation of Silene inflata plants to presence of heavy
metals in the soil relies on their faster growth and production of more seeds as
well as on a change of water balance in tissues and cells. Water dificit seems to
be one of the basic factors which limit plant growth and development on heavy
metals in the soil [111].
Do calcium - deficiency tolerant plants better tolerate the presence of toxic
lead? The results of the experiments (1,2) give a positive answer to the question. It seems conceivable to state that plants characterized by tolerance to a
high Ca - deficit may better cope with the toxic effects of lead The discovered
relationship has not been described so far. The mechanism of this interrelationship remains to be solved.
Publications:
1. Antosiewicz D., 1993. Mineral status of Dicotyledonous crop plants in relation
to their constitutional tolerance to lead. Environ. Exp. Bot. 33: 575-589.
2. Antosiewicz D., 1994. The relationship between constitutional and inducible
Pb - tolerance and tolerance to mineral deficits in Biscutella laevigata and
Silene inflata. Environ Exp. Bot. (in press).
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3. Wierzbicka M., Antosiewicz D., 1993. How lead can easily enter food chain - a
study of plant roots. Sci.Total Environ, suppl.: 423-429.
4. Wierzbicka M., 1994a. The resumption of metabolic activity in Allium cepa L
root tips during treatment with lead salts. Environ. Exp. Bot. 34:173-180.
5. Wierzbicka M., 1994b. How lead loses its toxicity to plants. Acta Soc. Bot. Pol.
(in press).

Metabolic control of germination and dormancy in seeds
Stanistaw Lewak
Dept. of Physiology of Plant Growth and Development, IBER

Dormancy in seeds is defined as a block (or a set of blocks) imposed on
one (or several) cardinal process(es) of germination. Since many years the aim
of our research is (a) to characterize these processes, (b) to understand their
regulation (to characterize the blocks) and (c) to explain the action of some environmental factors affecting dormancy and germination on the level of control
of cardinal processes.
Our studies concerned mainly those events which are involved in mobilization and transformation of seed reserves, The activities of enzymes involved in
storage lipid and protein hydrolysis, in gluconeogenesis and in sugar catabolism were taken into consideration. These activities were found to be affected
(stimulated or inhibited) by endogenous regulatory factors [hormones, i.e. gibberellins (GAs), cytokinins (CKs), abscisic acid (ABA), ethylene and jasmonic
acid (JA); polyamines, some phenolics and hydrogen cyanide]. The studied environmental factors involved in the control of germination and dormancy were:
light, temperature and seed hydration (water potential). The investigation of the
effects and modes of action of: (a) environmental factors on the level, activity
and metabolism of endogenous regulators, (b) of environmental factors on enzyme activities, and (c) of endogenous regulators on enzyme activities were the
general line of our research.
As experimental material seeds of different cultivated plants were used (apple, lettuce, rape, white clover, carrot, flax). Studies, which were aimed to improve germination, were performed on seeds of carrot. The results of these studies,
which have important implications for seed technology, were obtained using
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procedure of solid matrix priming and cytological methods [112]. Since the
main model material for the research on metabolic control of germination were
the seeds of apple, the general conclusions, presented below, are based on the
research performed on these seeds.
Taking into accout our earlier data as well as the results of more recent experiments a network of regulatory relations is proposed. It includes the chain of
metabolic events which leads from triacylglycerol hydrolysis to oxidative catabolism of its transformed products and to resumption of embryo growth. The other
chain includes storage protein solubilization, hydrolysis and new protein synthesis. The control points of the network differ, depending on environmental factor and on the organ in which these chains operate (embryo axis or cotyledons). Gibberellin A4 accumulation is under control of low temperature, light
and ABA. Low temperature affects also the level of free HCN and probably also
that of JA. Both lipolytic enzyme activities [acid lipase (AcL) and alkaline lipase
(AlkL)] are regulated by GA and JA, but only AlkL is affected by ABA. The activity of isocitrate lyase (ICL, the key enzyme of gluconeogenesis) is under GA and
JA control, whereas oxidative sugar catabolism is regulated mostly by HCN
[113]. Only one of studied proteolytic activities is induced by low temperature,
all of them are regulated by JA and ABA but not by GA and HCN.
The sites of action of the studied regulatory factors in the proposed network
are anticipated from the time of their maximal level occurence and the time of
maximal sensitivity towards these factors during removal of dormancy and germination and from the results of studies on interactions between different factors. Conclusions, concerning the modes of action of studied factors on the
enzyme activities were drawn from comparison of effects of these factors under
in vivo and in vitro conditions.
Publications:
1. Siriska I. & Lewandowska U. 1991. Polyamines and ethylene in the removal of embryonal dormancy in apple seeds. - Physiol. Plant. 81: 57-64.
2. Bogatek R., Dziewanowska K. & Lewak St. 1991. Hydrogen cyanide and
embryonal dormancy in apple seeds. - Physiol. Plant. 83: 417-421.
3. Bogatek R. & Lewak St. 1991. Cyanide controls enzymes involved in lipid
and sugar catabolism in dormant apple embryos during culture. - Physiol. Plant.
83: 422-426.
4. Zarska-Maciejewska B. 1992. Lipolytic activity during dormancy removal
in apple seeds. - Plant Physiol. Biochem. 30: 65-70.
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5. Dawidowicz-Grzegorzewska A. & Podstolski A. 1992. Age-related changes in the ultrastructure and membrane properties of Brassica napus L seeds.Ann. Bot. 69: 39-46.
6. Beranger-Novat N. & Dawidowicz-Grzegorzewska A. 1992. Effect of gibberellin on mature Euonymus europaeus L. seeds. - Ann. Bot. 70: 93-100.
7. Niedzwiedz-Siegieh I. & Lewak St. 1992. Involvement of a high irradiance
response in photoinhibition of white clover seed germination at low water potential. - Physiol. Plant. 86: 293-296.
8. Niedzwiedz-Siegieri I. & Lewak St. 1992. Growth regulators differentially
affect photosensitivity induced by low temperature and osmotic stresses in germinating white clover seeds. Plant Growth Regul. 11:133-137.
9. Ranjan R. & Lewak St. 1992. Jasmonic acid promotes germination and lipase activity in non-stratified apple embryos. - Physiol. Plant. 86: 335-339.
10. Ranjan R., Miersch 0., Sembdner G. & Lewak St. 1994. Presence and
role of jasmonate in apple embryos. - Physiol. Plant. 90: 548-552.
11. Ranjan R. & Lewak St. 1994. Interaction of jasmonic acid with some
plant growth regulators in the control of apple (Malus domestica) embryo germination. - Plant Growth Regul. 14: 159-166.
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Cloning of the arginase structural gene (agaA)
from Aspergillus nidulans.
P.Borsuk, A. Dzikowska and P.W<?gleriskl

Arginase from A. nidulans has been purified to homogeneity and partially
sequenced. This allowed the synthesis of oligonucleotides which served as primers for the PCR. The template for PCR was an A. nidulans cDNA gene library.
This Agt11 library was constructed by reverse transcription of the mRNA purified
from the strain grown on arginine as a sole nitrogen source. Several products of
PCR were isolated and sequenced and one of them was found to contain an
open reading frame for the AA sequence conserved in all known arginases.
This DNA fragment was used as a probe for screening an A. nidulans cDNA gene library and the genomic cosmid library. In both these libraries clones containing at least fragment of the arginase gene were identified. Preliminary data on
the agaA sequence will be presented.
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Cloning of the ornithine transaminase gene
from Aspergillus nidulans
Agnieszka Dzikowska, Mart a Wisniewska and Piotr W^glenski
In Aspergillus nidulans arginine can serve as a source of proline in the wild
type strain and in proline mutants blocked in the first two steps of proline biosynthesis. Use of arginine as a source of proline depends on presence and
inducibility of arginine catabolic enzymes, arginase and OTAse.
Both agaA and otaA genes are subject to nitrogen and glucose catabolite
repression. Their induction by arginine is the subject to specific control, which
from genetics studies seems to be both positive and negative (Bartnik and W?glenski, 1974).

The otaA gene has been cloned by transformation of the A. nidulans pro"
ota' mutant strain with cosmid gene library. The cosmid has been rescued and
the otaA gene was localized within 2.4 kb DNA fragment. The sequence of the
whole fragment will be shown. It contains one long open reading frame (with
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two putative introns) for 450aa protein. The protein shows a high degree of homology to other known ornithine transaminases.

Differentiation of the axis in a developing and germinating
embryo of Brassica napus L
Teresa Tykarska, Mieczystaw Kura6
Dept. of Plant Morphogenesis, IBER

Procion blue MX-R was used for staining in toto developing and germinating
embryos. It was stated that the exclusively stained root zone consists of two
parts: the apical one covered with the cap and the basal one lying between the
cap and the hypocotyl.
Observations of the basal and apical part of the root and the hypocotyl are
carried out. It has been found that breaking the seed coat is the effect of the quick elongation of the hypocotyl. The elongation process then moves to the basal
part of the root. When the first root hairs appear, rapid growth of the apical part
of the embryo root is initiated. The elongation of hypocotyl is restored when the
growth of the basal part of the root is already finished. The length of the basal
part of the root becomes stable on the third day after imbibition of seeds and
equals approximately 2mm. Lateral roots appear on the fourth day. The first one
usually grows at the border between basal and apical part of the embryo root,
others appeare further in the apical direction; a little later 1 to 2 roots can appear in the basal part.
At the same time embryological examination of the cortex have shown that
both parts of the root originated from a single mother cell. It divides in the globular embryo into two cells, one of which initiates the apical part of the root and
another one the basal part of the root and the basal part of the hypocotyl.
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Localization of phenolic compounds in the root tip of
germinating rape seeds (Brassica napus L)
M. Wronka1, T. Tykarska1, M. KuraS1, A. Zobel2
1.Department of Plant Morphogenesis, IBER
2.Trant University Canada

The consolidation of the material for the electron microscopy with the addition of caffeine enables phenolic compounds to appear as electron-dense
structures (2). With the use of this method the topography of the distribution of
phenolic compounds in root apical meristem, in the embryo tissues of many seeds and in the area of the outside layers of the root cap of developing germinating rape embryos has been determinated (3).
The aim of present research was to localize these compounds in other areas of the germinating embryos" root tips. With the help of biochemical methods
changes of phenolic content in embryo axes during germination were demonstrated. The ultrastructural research enabled a precise localization of the examined compounds. At the beginning of the embryo activation phenols were
detected mainly between plasmalemma and the cell wall as well as on the cap's
surface, later in the cytoplasm, in ER structures, in the nucleus and in protein
bodies. Phenolic compounds have been proved to start to accumulate in the
top part of the cap and the changes in their quantity and localization have been
proved to proceed basipetally, simultaneously with the ER structures development and remain correlated with the topography of the activation symptoms
[protein, DNA, RNA, starch biosynthesis (1)].
The present results seem to indicate that phenolic compounds play active
role in seed germination.
References:
LKuras M. 1986, Acta Soc.Bot.Pol. 55(4): 539-563
2.Muller & Greenwood 1978, Journal of Experimental Botany 29: 757-764
3.Zobel A. at al. 1989, Annals of Bot. 64: 149-157
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Ultrastuctural studies of synthesis and inhibition
of phenolic compounds in columella of root cap
during germination of rape seeds.
M. Wronka, M. Kuras, A. Podstolski, T. Tykarska, A. Zobel
Department of Plant Morphogenesis, IBER
Trent University, Canada

Among numerous papers dealing with phenolic compounds not many concentrate on their localization in the cell at the ultrastructural level. The cause of
that is lack of a method which would make it possible to preserve all phenolic
compounds in material fixed for electron microscopy. Many of them are washed
out during preparation for EM. Adding of caffeine during the fixation procedure
causes condensation of a large part of phenolic compounds which are visible
as electrondense structures in the cell (2).
Ultrastructural investigations on the localization of phenolic compounds in
columella cap of rape root performed with the help of this method revealed that
the amount and place of these compounds undergo oscillations. These changes proceed together with the development of ER structures and are correlated
with other symptoms of embryo activation: starch accumulation, protein, RNA
and DNA biosynthesis (showed with method of autoradiography) (1).
The aim of our present investigation was to prove that phenolic compounds
are specifically condensed by caffeine. We used 2-aminoxyacetic acid (AOA) the inhibitor of the main pathway in biosynthesis of phenolic compounds of the
C6-C3 series. We showed that after the treatment the amount of phenolic compounds dimished which proves that method using caffeine is specific. The results obtained with the use of the caffeine method, in spite of not giving a full
picture, provide a basis for an indirect reasoning regarding the active role of
phenolic compounds during germination process.
References:
1. Kuras M. 1986, Acta Soc. Bot. Pol. 55; 539-563
2. Mueller W.C., Greenwood A.W., 1978. J. Exp. Bot. 92; 757-764
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Molecular analysis of transgenic plants
bearing histone H1 gene from A thaliana
M.Prymakowska-Bosak, J.lwkiewicz, S.Egierszdorff,
M.PrzewJoka and A.Jerzmanowski
Lab, of Plant Molecular Biology, Department of Plant Resistance Physiology, IBER

In order to study the role of histone H1 in regulation of the general pattern
of cellular transcription and the ability of cells to execute differentiation programs we wanted to ootain transgenic cell lines and whole plants with aberrant
level of histone H1. To this end we constructed a series of vectors based on
pROK binary plasmid. The constructs bear AAhaliana histone H1-2 gene (cloned
by S.Gannt, Univ. of Minnesota) placed in normal and reversed orientation (to
induce antisense mRNA) under single or enhanced CaMV 35S promoter. The
vectors were used to transform tobacco and A.thaliana cells both via direct
transfer to protoplasts and via Agrobacterium. Calli resistant to kanamycin were
selected and induced to differentiate. We present data on the presence and arrangment of transgenes in the genomes of transformants as well as data on the
level of the trasgene mRNA. Also presented are the results of the analysis of histone protein patterns in transformed plants.
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Construction of artificial chromosome template for studying
transcription of 5S RNA genes in vitro
R. Tomaszewski and A. Jerzmanowski
Lab. of Plant Molecular Biology, Department of Plant Resistance Physiology, IBER

The dif.v/ential repressory effect of H1 on the transcription of oocyte and
somatic 5S RNA genes in Xenopus laevis depends on the presence of cis acting DNA sequences flanking the gene. We want to elucidate the role of interactions of the transcribed and regulatory sequences with nucleosomal core
particles in the H1-mediated repression of transcription. We used DNA fragments bearing Xenopus 5S RNA genes together with 5' and 3' flanks, either alone or inserted into larger plasmids, to reconstitute chromatin from histones that
we purified from chicken erythrocytes. These artificial templates were charac-
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terized by determining the spacing of nucleosomes and mapping the position
of core particles in respect to the 5S RNA gene.

Interaction of peptides of the 'SPKK' family with AT-rich DNA.
J.Brzeski, A.Lipkowski, W.Rudnicki, T.Grycuk,
B.Lesyng and A.Jerzmanowskl
Lab. of Plant Molecular Biology, Department of Plant Resistance Physiology, IBER

The DNA-binding 'SPKK1 motifs occur in numerous transcription factors as
well as in proteins of histone H1 family. Using synthetic peptides and synthetic
and natural oligonucleotides with AT-rich tracts we measured the binding constants of different variants of 'SPKK' and DNA. The mode of binding and the type of complexes formed were analyzed by gel retardation assay. The
interactions of peptides with DNA were also studied by methods of molecular
computer modeling. We proposed the model of binding based on the homology
of the 'SPKK' motif to the N-terminal peptide of the homeodomain. The theoretical calculations based on this model were in agreement with data obtained
experimentally.

Cell wall changes in winter rape leaves exposed
to low temperatures
Maria Kubacka, Alina Kacperska
Dept.of Plant Resis.Physiol., IBER

Prolonged (21 days) exposure of winter oilseed rape (Brassica napus L var.
oleifera L cv Jantar) plants to 2°C resulted in the increased resistance of leaves
from -5.2°C to -10.8°C. This was associated with a twofold increase in the cell
wall content in the leaves. Cold treatment resulted also in the modification of cell
wall composition: contents of pectins and hemicelluloses increased whereas
that of cellulose was not modified. Freezing treatment resulted in the decrease
of hemicellulose content, due to the loss of pentoses and hexoses. The above
-185-
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observations point to the possible role a cell wall in the cold acclimation process.
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The role of calcium ions in freezing injuries
in leaves of winter oilseed rape plants
Grazyna Piotrowska
Dept. of Plant Resis. Physiol., IBER

Calcium ionophore A23187, introducing Ca 2+ ions influx from apoplast to
cell cytoplasm, mimicked symptoms of freezing injury in the leaves of winter rape {Brassica napus L var oleifera L cv. Jantar). It increased electrolytes leakage from cells and decreased leaf viability determined as a tissue ability to
reduce TTC (triphenyl tetrazolium chloride). Both calcium ionophore and freezing treatments induced degradation of phosphatidylcholine. LaCb and verapamil, the inhibitors of voltage-dependent calcium ion channels, decreased the
degree of freezing injures, as checked with conductivity method. LaCb decreased also the degradation of phosphatidylcholine in the frost-affected leaves.
It is proposed that functioning of voltage dependent calcium channels may
be altered by frost. Increased Ca 2+ influx to cytosol may promote the activity of
calcium-dependent enzymes, such as phospholipase D, and lead to the partial
degradation of cell membranes.
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Inositol 1,4,5-trisphosphate release as affected
by low temperature, tissue water potential
and ABA content in winter oilseed rape leaves
Gabriela Smolehska, Alina Kacperska
Dept. Plant Resis. Physiol.. IBER

Earlier experiments showed that short and rapid exposure to low temperature induced a breakdown of polyphosphoinositides to inositol phosphates in
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the leaves of winter rape (Brassica napus L. var oleilera L cv. Jantar). Using inositol 1,4,5-trisphosphate [3H] assay and ELISA for ABA determinations we followed time courses in elevation of IP3 content in the non-acclimated and
cold-acclimated leaf tissues, subjected to different freezing temperature or polyethylene glycol and ABA treatments. Changes in water potential and in the
ABA level in the frost- and PEG-affected tissues were also followed. The collected data indicate that the direct action of freezing temperature on cell membranes rather than lowering of water potential or ABA accumulation triggers IP3
formation both in non-acclimated and acclimated winter oilseed rape leaves.
However, lowering water potential to a certain level or a high exogenous ABA
supply can mimick the freezing-induced reaction in the non-acclimated leaves.

Phenylalanine ammonia-lyase activity in leaves
of winter oilseed rape plants as affected
by acclimation of plants to low temperature.
Danuta Solecka, Alina Kacperska
Dept.of Plant Resis.Physiol.. IBER

In the leaves of winter oilseed rape plants (Brassica napus L var. oleifera L.
cv Jantar), grown for 3 weeks at 2°C and then exposed to a brief freezing (-5°C
for 18 h in darkness) and showing increased ;rost resistance, pronounced
changes in the activity of phenylalanine ammonia Sy jse (PAL, E.C. 4.3.1.5.) were observed. They consisted on: 1) a marked increase in the total and specific
activities of the enzyme, noted during the first 2 days of plant treatment with
chilling temperature, 2) a large, very rapid and transient increase of PAL activities noted right after the frezzing treatment, 3) changes in catalytic properties of
the enzyme extracted from the frost-pretreated leaves: Km for L-phenylalanine
decreased from 25 to 2011M, pH optimum was narrowed to 8.4, the enzyme became less sensitive to sub- or supraoptimal temperatures, optimum temperature (35 °C) being not affected by cold acclimation treatments. All these
observations made us to suggest that a brief freezing treatment promoted activity of one the PAL isoforms, possibly through a selective activation of one of
genes, encoding PAL in winter oilseed rape leaves. Modifications in PAL activity
in the course of plant acclimation to low temperatures indicate that phenylpro-
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panoid metabolism may play important role in development of plant resistance
to low temperature.
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Synthesis of protein in winter oilseed rape leaves
treated with low temperature.
Danuta Solecka, Alina Kacperska
Dept. of Plant Resis. Physiol., IBER

During 3 week of acclimation of winter oilseed rape plants (Brassica napus
L var. oleifera L cv Jantar) at 2°C (CA plants), the content of soluble proteins in
leaves increased for about 100%. Synthesis of proteins as indicated by [ 35 S]methionine incorporation increased for 23% in CA leaves, as compared to nonacclimated (NA) tissue. In CA leaves, synthesis of 11 new fractions was
observed.
Exposure of plants to freezing treatment (-5°C for 18h, in darkness) brought
about a rapid and significant decrease of soluble protein content. It also resulted in 55% inhibition of protein synthesis which was associated with the inhibition of synthesis of 17 protein fractions. On the other hand, the freezing
treatment induced synthesis of 6 fractions (m.wt. 6.6, 95.0, 140.0, 187.0, 215.0,
250.0 kDa). These fractions disappeared after 30 h of plant recovery at +2°C. In
the recovered leaves reapperance of 5 fractions was noted, synthesis of which
was inhibited by the freezing treatment.
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Alcohol dehydrogenase from Vanilla planifolia
green embryo tissue culture
P.Mol^cki and A.Podstolski
Department of Physiology of Plant Growth and Development, IBER

Properties of cytoplasmic alcohol dehydrogenase from green embryo cultured in light in liquid Gamborg B-5 medium were investigated. The optimum pH
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of the extraction and the reaction mediums, substrate specificity and electrophoretic (PAGE) mobility were determined. The enzyme appeared to be highly
specific towards C6-C1 aldehydes and carried exclusively reduction of aldehydes to corresponding alcohols. It is postulated that the enzyme plays important
role in biosynthesis of C6-C1 alcohols in Vanilla planifolia tissues.

Translocation and sucrose metabolism in bean roots as
affected by phosphate deficiency
Iwona Ciereszko*, Agnieszka Gniazdowska and Anna M. Rychter
Dept. Plant Bioenergetics, IBER and "institute of Biology, University of Warsaw, Branch in Biatystok

Bean plants (Phaseolus vulgaris) were cultured for 2 weeks on phosphate
sufficient (+P) and phosphate deficient (-P) medium. The visible symptoms of
phosphate deficiency were observed after 14 days of phosphate starvation. The
decrease of Pi content in the roots had no effect on photosynthesis, but increased 14C assimilate translocation from the shoot to the root. In water soluble
fraction extracted from the roots, sugar labelling was higher in -P, whereas the
labelling of amino acid and organic acid was similar. Phosphate deficiency increased sucrose, glucose and fructose content in the roots, but had little effect
on activities of sucrose hydrolyzing enzymes ( acid and alkaline invertases).
The increase of glucose and fructose was observed earlier than the increase of sucrose. The high level of glucose and fructose may represent non metabolic, vacuolar pool, because the hexose-P pool was significantly lower. It is
suspected that accumulation of sugars in the root plays a role in cell osmotic
adjustment replacing lacking ions, such as phosphate and nitrate.
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Photorespiration in phosphate-deficient bean plants
Agnieszka Kondracka
Dept. Plant Bioenergetics, IBER

Orthophosphate (Pi) is a key factor in the regulation of photosynthesis, being its substrate and regulator. Intensity of photosynthesis depends on the rate
of Pi recycling during unphosphorylated end-products synthesis from phosphorylated primary photosynthetic metabolits.
In bean leaves decrease of Pi content (to about 10 % of control) did not diminish the rate of photosynthesis at the atmospheric O2 concentration (21 %
O2). However at low O2 (2 % O2) the intensity of CO2 assimilation was largely
depressed in the low-P plants. The decrease of photosynthesis at low O2 may
be due to the absence of photorespiration under these conditions. During
photorespiration P, is released in chloroplasts and may be used in photosynthesis.
To investigate the role of photorespiration in regulation of cellular Pi level
the activity of photorespiratory metabolism was studied. In the low-P plants increase of glycolate level and glycolate oxidase activity were observed. There
was also an enhanced accumulation of newly fixed carbon in photorespiratory
products, especially in glycine and serine. Results indicate that intensity of
photorespiration in the low-P plants is possibly enhanced. We also postulate
modifications in the routes of photorespiratory matabolism during phosphate
deficiency.

The effect of phosphate deficiency on respiration and energy
status of bean leaves
Maria Mikulska, J-L. Bomsel* and A.M. Rychter
Dept. Plant Bioenergetics, IBER and Universite Pierre et Marie Curie, Paris

Respiration of leaf slices from phosphate sufficient (+P) and phosphate deficient (-P) leaves was measured by oxygen electrode. The energy status of the
leaves was characterized by measuring ATP, ADP and AMP levels in the leaves
during the light and dark period. Phosphate deficiency affects respiration more

-190-

during the dark than during the light period. The respiration of -P leaves during
the dark period was lower and more resistant to cyanide than control leaves. In
the darkness ATP and ATP/ADP ratios in -P leaves were about 50% lower than
control. Less pronounced differences were observed during the light period. In
-P leaves ATP/ADP ratio was about 30% less than that of control. Low ATP pool
in Pi deficient plants during light period is probably due to the lower photophosphorylation efficiency.

The role of nitrogen nutrition in prevention
of lindan toxicity in plants
Grazyna Bystrzejewska
Dopt Plant Bioenergetics. IBER

Lindan (/HCH), an insecticide, is used in agricuuure as a component of preparations of pesticides produced in Poland. It was found that lindan in high concentrations might inhibit photosynthesis and plant growth.
The effect of lindan was investigated under different nitrogen nutrition on
corn, Panicum miliaceum and cress plants. It was found that the form of nitrogen nutrition had no effect on lindan uptake by plants from the soil. However,
plants supplied with nitrate or ammonium had different rate of lindan translocation from roots to shoots. Plants grown on nitrate as nitrogen source removed
lindan faster via transpiration to atmosphere.
The growth of plants in the phosphate deficient medium lowers the nitrate
uptake. Such plants had lower nitrate content and therefore were less capable
to remove lindan via transpiration. We conclude that the toxicity of lindan depends on plant nutrition, particularly on the concentration of nitrate ions in plant
tissues.
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^ e " °y c ' e examination indicating a new mechanism
of plant lead adaptation
Matgorzata Wierzbicka
Environ. Plant Pollut. Lab., IBER

Lead is a strong poison. The industry adds to the continous increase of lead level in the environment. Plants can accumulate a large amount of lead in
their tissues. That is why lead is incorporated in the biological circulation. We
still do not know exactly why lead is relatively harmless for plants. In order to explain this phenomenon I have done comprehensive research on a lead influence on cells of Allium cepa roots. Part of this research is a study of lead influence
on the cell cycle. 3H-Thymidyne puls method was used. Lead was found to cause considerable elongation of the cell cycle time. The cells which were in S phase at the start of lead incubation changed the cell cycle time from 15.5 hrs to
25.5 hrs. In the case of the cells in G2 phase the elongation of a cell cycle reached 45 hrs, But the most interesting was the observation of the double labeled cell population. First, the cells of S phase were labelled with 3H-Thymidyne
and then in G2 phase with colchicine - like lead action (c-mitosis). A small number of these cells and the fact that they were seen for a short period of time indicate that the real time of lead harmfulness for cells was short i.e. only a few
hours (or even one hour), although the plants were treated with lead for 50 hrs.
The observation indicates the possible change in the pathway of lead translocation into cells during plant treatment with the ion. It suggests that there may
exist another mechanism making plant roots to adapt to the environments conta-minated with lead.
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A study of plant roots
Matgorzata Wierzbicka, Danuta Antosiewicz
Environ. Plant Pollut.Lab., IBER

Lead is a strong poison. The acceptable dose of lead for adults is 3 mg/week, whereas 7 mg/week causes a grave illness-plumbism. The maximall accept-
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able amount of lead in food is 1.5-2 mg Pb/kg. How lead gets involved in the foodchain? As it is known, the main role in this process is played by plants, and
for example vegetables which grow on very contaminated areas can contain
scores of mg Pb/kg d.w. So, why is this lead not toxic for these plants? Using
the root test, we examined how much lead in plant tissues is needed to evoke a
strong inhibition of root growth. 11 food plant species were tested. Young
plants were grown in a mineral nutrition solution with lead (1-20 mg/l PbCfe) for
7 days. At the smallest dose of lead a large amount of lead turned out to be accumulated in root tissues-as a rule above 100 mg Pb/kg d.w. e.g. Hordeum vulgare-480 mg Pb/kg d.w., Zea mays-1700 mg Pb/kg d.w., Allium cepa-8150 mg
Pb/kg d.w..But the root growth was inhibited only by 5-30% in comparison to
control. How it is possible that such huge amounts of lead can be tolerated by
plant root cells? The well known mechanism, when metal ions may be complexed by compounds like phytochelatins, cannot be sufficient enough. We investigated how many lead ions are free and how many are bounded in onion roots
which had been treated with lead for 6 h. Only 3.4% of lead appeared to have
been washed out from 543 mg Pb/kg d.w. of root tips. Thus at least 96.6% of lead is bounded in cells of root tips. Since it is possible to observe directly electron-dense lead deposits in EM, we investigated the lead localization in root tips
of 4 food plant species which had been treated with lead. It appears that lead
deposits are always in cell walls and vacuoles and sometimes in dictiosomal vesicles. It means that this lead no longer has contact with cell cytoplasm and because of this it is no longer toxic for a cell.

Adaptation of silene inflata plants to growth
on the calamine waste heaps
Dorota Panufnik, Matgorzata Wierzbicka
Environ. Plant Pollut. Lab., IBER

In Boleslaw near Olkusz there are more than 100-year-old calamine waste
heaps which contain huge amounts of heavy metals in the soil. The Silene inflata population, occuring in Boleslaw, has narrow leaves non-typical for the species. It has not been explained yet whether the narrow shape of lamina is a
permanent genotypical feature or it is only a phenotypical answer of the plants
-193-

to very disadvantageous growth conditions. Growth and development of two S.
inflata populations cultivated under the same conditions were compared. The
seeds of both, S. inflata growing on the Boleslaw waste heaps, and S. inflata
growing in the Warsaw Botanical Garden were germinated in a growth chamber. Full development of the plants was observed for six months.
The clear cut differences between two groups of plants appeared already
at the beginning of their growth. First, the plants from Boleslaw differed from
those of Botanical Garden, by their faster growth. Also, they bloomed earlier
than the plants from Warsaw. Secondly, the plants from the waste heaps had
narrower leaves than the plants from the Warsaw population. It turned out that
the leaves of the Boleslaw plants were thicker than the leaves of the Warsaw
plants. This was due to a bigger size of the palisad mesophyll cells. These observations allows to suggest that plants of the Boleslaw population probably adapt to water deficit in the soil by limitation of their transpiration surface.
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Cytological changes during
solid matrix priming of carrot seeds
Alina Dawidowicz-Grzegorzewska

Dept. of Physiology of Plant Growth and Development. IBER

Germination of carrot (Daucus carota L.) seeds at a harvest time, similarly to
other Umbelliferae, is slow and irregular. Their germination performance can be
improved by osmotic priming with various solutions, but recently, an alternative
method of seed preconditioning with solid matrix carriers (solid matrix primimg,
SMP) has been developed. It offers several advantages in comparison to priming in PEG solution. Despite of a wide acceptance of these techniques, resulting in a more rapid and uniform germination, physiological mechanisms
involved in seed priming are not entirely understood. It has been suggested
that hydrolysis of storage cell wall polysaccharides in the endosperm tissue is
the main effect of priming. So far, the data concerning the cellular events that
take place during seed conditioning are not available at all.
Two hypotheses that account for physiological mechanisms involved in seed priming have been proposed: 1/ a repair of cellular damages which could
accumulate during seed storage; 2/ "developmental advance" in seed metabo-194-

lism due to the interrupted imbibition. The data presented confirm the last hypothesis. During seed conditioning with Micro-Cel E an advancement of the catabolic phase of germination was observed. The advancement was different in
the embryo and endosperm tissues and it concerned different storage materials: a complete degradation of storage protein and lipid bodies in the embryonal axis and only partial hydrolysis of protein bodies and cell wall
polysaccharides in the endosperm (no lipid degradation in the endosperm) were noted. Moreover, in contrast to the so far opinions, presented here data show
that utilizaton of storage materials in the endosperm represent a secondary effect of SMP which is controlled and stimulated by the metabolically advanced
embryo.

The role of fructose 2,6-bisphosphate in the cyanide-mediated
removal of apple embryonic dormancy
Renata Bogatek
Dept. of Physiology of Plant Growth and Development, IBER

Dormancy in apple embryos is expressed by a slowered germination which
results in several morphological abnormalities. Short pretreatment of embryos
isolated from dormant seeds with gaseous (1 mM) HCN eliminates or alleviates
these symptoms. This observation as well as the finding that a concentration of
free HCN in apple embryos changes during dormancy removal allowed us to
postulate that HCN had specific role in the control of dormancy. Cyanide had
no direct effect on the respiratory intensity during dormancy removal and germination and on the pathways of electron transport. However, it modified the relative contribution of different catabolic pathways for sugar (glycolysis : pentose
phosphate pathway).
The effects of HCN pretreatment on fructose 2,6-bisphosphate (F-2.6-P2)
content, on the activity of fructose 6-phosphate 2-kinase (F-6-P.2K, enzyme synthesizing F-2.6-P2), as well as on activities of PPi- and ATP-dependent phosphofructokinases (PPi-PFK and ATP-PFK) were studied in cultured dormant
apple embryos. HCN sharply increased the F-2.6-P2 level and F-6-P.2K activity
in embryonal axes. The pretreatment of embryos with HCN or the addition of F2.6-P2 to the enzymatic extract stimulated PPi-PFK activity, whereas the activity
-195-
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of ATP-PFK was slightly inhibited by HCN. It is proposed that a stimulation of
glycolysis by HCN, being one of the first processes of apple embryo germination, results from activation of F-6-P.2K in axes, which leads to F-2.6-P2 accumulation. This in turn enhances glycolysis by activation of PPi-PKF.

Polyamines and proteins in flax (Linum usitatissimum)
regenerated in vitro
Irena Siriska and Bozena Zarska-Maciejewska
Dept. of Physiology of Plant Growth and Development, IBER

Three types of flax regeneration from hypocotyl explants: 1) direct plant regeneration, 2) indirect plant regeneration and 3) indirect shoot or root formation
were characterized in respect to qualitative and quantitative changes of polyamines and proteins. The content of both studied compounds in flax tissues
was found to change in order: type 1 type 2 type 3. Shoots and roots in the type 3 contained much less polyamines (especially of spermine) and reversely,
much more proteins than callus tissue from which these organs were originated. The decreased level of spermine correlated with an appearence of several
protein bands of MW 20 - 40 KD and some bands of MW higher than 60 KD. The
observations suggest that polyamines may be involved in regulation of metabolism of some proteins, probably linked to particular organ formation in vitro.

-196-

Construction of novel secretion vectors for the synthesis of
heterologus proteins in yeast
Jolanta Topczewska
For the efficient secretion of heterologus protein in Saccharomyces cerevisiae (1) new plasmids of the series pYET were constructed in which the region
coding for the foreign protein was fused in-frame to the leader sequence (2).
The gene used in this project was a synthetic DNA fragment coding for human
epidermal growth factor, hEGF. Two KEX2 processed leader sequence, namely
the Kluyveromyces lactis killer toxin and K.lactis killer-a factor fusion leader were
independently included in appropiate vectors, pYET-EGF1 and pYET-EGF2.
S. cerevisiae strains GC1-8b and 11D, were transformed with recombined vectors and leucine prototrofs were selected for further investigations.
The synthesis and secretion of hEGF were assayed by SDS-polyacrylamide
gel electrophoresis of cultures supernatants. Electrophoretic analysis showed
the presence of a protein of 6kDa molecular mass in the GC1-8b strain carrying
pYET-EGF1. This protein was partially purifed with fraction on reverse-phase
HPLC as the final step. DNA-synthesis stimulating activity in human skin fibroblasts was determined in the chosen fractions containg 6 kDa protein.
1. Topczewska J.,(1993), Biotechnologia 3,184
2. Topczewska J., Bolewska K.,(1993), Acta Biochemica Polonica
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